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THE     FUNXTIONS     AND     INTEGRATION     OF     THE 
INTERCOSTAL     MUSCLES  * 

C.    F.    HOOVER 

CI.EVEL.^NI) 

The  study  of  intercostal  muscle  function  began  with  Galen,  who 
believed  the  external  intercostals  to  be  expiratory  and  the  internal 
intercostals  inspiratory.  This  teaching  was  unquestioned  until 
Vesalius,  thirteen  hundred  years  later,  interpreted  both  external  and 
internal  muscles  as  having  the  same  function.  Thomas  Willis,  of 
Oxford,  in  1673  for  the  first  time  interpreted  the  external  muscles  as 
inspiratory  and  the  internal  as  purely  expiratory.  In  1748,  Hamberger 
devised  his  famous  model  and  the  theory  which  has  been  quoted  in  all 
subsequent  physiologic  literature  on  respiration.  Luciani  says  Ham- 
berger's  model  "is  an  incomplete  reproduction  of  costal  excursion,  but 
it  served  to  elucidate  the  mechanism"— faint  praise  but  quite  sufficient 
for  a  scheme  which  n^isrepresents  both  costal  excursion  and  intercostal 
function. 

The  only  experimental  confirmation  of  Hamberger's  theory  that  is 
at  all  worthy  of  the  problem  is  Martin  and  Hartwell's,  an  account  of 
which  was  published  in  1879.  These  experimenters  isolated  a  pair  of 
ribs  by  cutting  all  the  intercostal  structures  which  bound  them  above 
and  below  and  with  the  sternum,  but  left  intact  the  blood  and  nerve 
supply  to  the  space  between  the  two  experimental  ribs.  The  external 
intercostal  muscle  uniting  the  two  ribs  was  then  severed  through  its 
entire  extent,  and  finally  both  ribs  were  cut  so  as  to  leave  two  seg- 
ments of  the  ribs  connected  only  by  the  internal  intercostal  muscles, 
the  blood  and  nerve  supply  of  which  were  left  intact.  Artificial 
respiration  was  employed  and  then,  when  automatic  respiratory  move- 
ments were  set  up  after  artificial  respiration  was  suspended,  the 
internal  intercostal  muscle  was  observed  to  contract  during  expiration 
only. 

So  far  as  this  observation  goes  it  is  satisfactory,  but  it  does  not 
prove  that  the  external  intercostals  are  never  expiratory,  nor  does  it 
prove   that   the    internal   intercostals   arc  .never   inspiratory.      In   this 


*  Read  before  tlie  Experimental  Section  of  the  Cleveland  Academy  of  Medi- 
cine,  November,   1921. 
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experiment  also  no  account  is  taken  of  the  varying  respiratory 
responses  consequent  on  resistance  to  entrance  and  exit  of  air  or 
varying  amounts  of  the  minute  voUmie  of  air.  Martin  and  Hartwell 
also  failed  to  consider  the  varying  effects  on  respiratory  movements 
produced  by  dift'erent  degrees  and  kinds  of  anesthesia  and  varying 
degrees  of  exhaustion  of  the  respiratory  innervation.  Nor  did  these 
experimenters  consider  the  integration  of  all  the  respiratory  muscles 
in  a  normal  animal. 

With  these  considerations  in  mind,  my  experimental  work  has  led 
me  to  formulate  the  following  theses : 

1.  With  tranquil  respiration,  only  the  external  intercostals  are 
activated  during  inspiration,  and  in  expiration  neither  external  nor 
internal  intercostal  muscle  is  employed. 

2.  With  great  hyperpnea,  the  external  intercostals  are  activated 
during  inspiration ;  and  in  expiration  the  internal  intercostals  only 
may  be  activated,  but  when  the  abdominal  muscles  are  brought  into 
use,  either  because  of  resistance  to  the  exit  of  air  or  by  intense 
hyperpnea,  then  the  external  muscles  are  synergically  employed  with 
the  abdominal  muscles.  The  external  muscles  are  employed  in  expi- 
ration only  when  the  abdominal  muscles  are  requisitioned. 

3.  The  internal  intercostal  muscles  are  employed  in  inspiration  only 
when  in  the  presence  of  hyperpnea  there  is  added  a  resistance  to  the 
entrance  of  air. 

4.  The  normal  inspiratory  and  expiratory  excursions  of  the  ribs 
are  determined  not  by  the  alternating  actions  of  the  tw^o  sets  of 
intercostal  muscles  but  by  their  integration  with  muscles  that  convert 
the  results  of  their  action  into  either  an  inspiratory  or  an  expiratory 
eft'ect.  These  auxiliary  muscles  are  the  scaleni  and  serratus  posticus 
superior  for  inspiration,  and  the  triangularis  sterni  and  serratus 
posticus  inferior  for  expiration. 

Briefly  stated,  the  external  intercostal  muscles  are  employed  in 
inspiration  in  all  respiratory  conditions.  There  is  a  high  threshold 
for  their  use  in  expiration,  and  this  is  passed  only  w'hen  they  are 
activated  synergically  with  the  abdominal  muscles.  The  internal  are 
employed  in  expiration  in  hyperpnea,  and  have  a  threshold  for  expira- 
tory use  that  is  lower  than  that  for  the  external  intercostals.  The 
internal  intercostals  are  required  in  inspiration  only  in  the  combined 
presence  of  hyperpnea  wnth  resistance  to  the  entrance  of  air.  The 
highest  threshold  is  for  the  inspiratory  employment  of  the  internal 
intercostal  muscles,  and  then  in  descending  order  come  the  external 
intercostals  in  expiration,  the  internal  intercostals  in  expiration,  and 
finally  the  external  muscles  in  inspiration. 
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Paralysis  of  the  Intercostal  Muscles. — The  best  example  of 
the  functional  loss  of  the  intercostal  muscles  that  it  has  been  my 
fortune  to  see  was  in  a  man  about  50  years  of  age,  who  had  had  a 
severe  attack  of  poliomyelitis  when  25  years  old.  This  man  was  in 
good  health  and  suffered  only  the  disability  which  resulted  from 
poliomyelitis.  He  had  a  widely  distributed  and  severe  paresis  and 
atrophy  of  the  thoracoscapular  and  upper  extremity  muscles  of  both 
sides,  and  there  was  involvement  of  the  muscles  of  the  pelvic  girth 
and  both  thighs  and  both  legs.  There  was  nowhere  any  evidence  of 
sensory  paresis.  He  had  sufficient  use  of  his  arms  and  legs  so  that 
he  was  able  to  go  about,  though  with  considerable  difficulty,  and  was 
able  to  take  care  of  himself.  Of  the  muscles  employed  in  respiration, 
only  the  intercostals,  triangularis  sterni  and  serrati  postici,  superior 
and  inferior,  were  involved,  the  scaleni,  diaphragm  and  abdominal 
muscles  being  intact.  All  of  the  intercostal  muscles  were  completely 
paralyzed  with  the  exception  of  those  going  to  the  ninth,  tenth, 
eleventh,  and  twelfth  ribs  of  the  right  side.  These  four  bottom  ribs 
of  the  right  side  were  the  only  ones  that  moved  in  response  to  inter- 
costal muscles.  That  part  of  the  right  costal  border  formed  by  the 
ninth,  ten,  eleventh  and  twelfth  ribs  moved  laterad  in  inspiration,  and 
those  ribs  had  also  a  normal  bucket-handle  movement.  In  inspiration 
the  remaining  portion  of  the  right  costal  margin  and  the  entire  left 
costal  margin  moved  toward  the  median  line. 

Estimated  by  his  height  and  weight,  his  lungs  should  have  had  a 
vital  capacity  of  3,800  c.c,  and  without  the  aid  of  his  intercostal  mus- 
cles he  did  have  a  vital  capacity  of  3,200  c.c.  This  capacity  was  quite 
sufficient  for  respiratory  purposes,  but  he  could  not  expel  air  explo- 
sively from  his  lungs  as  required  by  a  cough  or  sneeze.  He  had  all 
the  incentive  to  sneeze  and  completed  the  reflex  procedure,  but  his 
sneeze  was  ineffective  on  account  of  the  want  of  explosive  expulsion 
of  air.  He  had  also  observed  that  it  was  difficult  for  him  to  expel  hard 
fecal  matter.  He  said  that  a  few  years  after  his  recovery  from 
poliomyelitis  he  had  an  attack  of  bronchitis,  which  gave  him  much 
distress  on  account  of  his  inability  to  expel  mucus  from  his  trachea, 
but  he  instinctively  discovered  that  he  could  cough  with  considerable 
success  if  he  placed  his  arms  about  his  thorax  and  then  threw  himself 
on  his  side  against  the  mattress  of  the  bed.  The  man  seemed  to  cough 
into  instead  of  out  of  the  lung.  He  could  approximate  his  vocal 
cords  with  normal  vigor,  and  the  abdominal  muscles  were  vigorous; 
from  the  strength  of  his  laryngeal  and  abdominal  muscles  the 
observer  would  expect  a  vigorous  cough,  ])ut  he  was  unable  to  produce 
it.  When  the  sides  of  his  thorax  were  firmly  supported  by  the  hands 
of  an  attendant,  he  was  able  to  cough  like  a  normal  person. 
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The  ability  to  compress  his  lungs  was  tested  by  having  him  blow 
into  a  mercury  manometer.  In  carrying  out  this  test,  in  order  to  make 
sure  that  the  patient  did  not  employ  his  buccal  muscles  to  raise  the 
pressure  in  the  manometer,  he  was  required  to  blow  through  a  tube 
in  one  nostril.  He  could  raise  the  pressure  just  50  mm.,  but  with 
normal  expiratory  muscles  he  could  have  raised  it  100  mm.  It  was 
quite  apparent  that  the  deficient  compression  of  his  lungs  was  due  to 
paralysis  of  his  intercostal  muscles,  which  deprived  him  of  circum- 
ferential constriction  of  the  thorax. 

The  part  played  by  the  intercostal  muscles  in  inspiring  against 
resistance  was  shown  when  the  patient  was  instructed  at  the  end  of 
a  forced  expiration  to  inspire  with  all  his  might  through  a  tube  (con- 
nected with  a  mercury  manometer),  which  was  inserted  in  a  nostril 
while  the  mouth  and  other  nostril  were  held  shut.  The  highest  column 
of  mercury  he  could  raise  in  this  manner  was  46  mm.  In  view  of  the 
fact  that  a  normal  person  can  inspire  against  a  resistance  that  is 
90  oer  cent,  as  great  as  the  positive  pressure  he  can  raise  within  the 
lung,  it  is  apparent  that  the  loss  in  forceful  inspiratory  action  was  pro- 
portionately the  same  as  the  loss  in  power  of  compressing  the  lungs. 

If  we  consider  the  pneumatics  of  the  experiment,  the  basic  reasons 
for  his  disability  stand  out  with  great  clearness.  There  were  at  least 
1,000  c.c.  of  residual  air  in  his  lung  at  the  end  of  a  forced  expiration, 
and  then  he  added  3,200  c.c.  by  the  use  of  his  diaphragm  and  scaleni. 
While  this  volume  of  air  was  contained  in  the  lung,  he  blew  into  the 
manometer  by  contracting  his  abdominal  muscles,  which  served  to 
drive  the  diaphragm  upward.  By  this  effort  the  mercury  manometer 
registered  a  pressure  of  50  mm.;  therefore,  his  lungs  were  com- 
pressed to  11^  X  4200,  which  equals  3,937  c.c.  The  diminution  in 
volume  of  the  4200  c.c.  under  a  pressure  of  50  mm.  of  mercury 
equaled  263  c.c. 

In  this  formula  750  =  the  barometric  pressure  which  prevailed  at 
the  time ; 
800  ^  pressure  to  which  the  contained  air  in  the 
lung  was  subjected  by  the  muscular  effort. 

If,  as  a  normal  man  should,  he  had  been  able  to  attain  an  intra- 
pulmonic  pressure  of  100  mm.  mercury,  the  4,200  c.c.  of  air  would 
have  been  compressed  to  a  volume  of  3,705.  There  would,  therefore, 
have  been  a  further  diminution  in  volume  of  222  c.c.  for  the  rise  in 
pressure  from  50  to  100  mm.  mercury.  From  the  original  estimate  of 
this  man's  vital  capacity,  we  assume  that  he  was  deprived  of  only 
600  c.c.  by  paralysis  of  his  intercostal  muscles.  Now,  suppose  in  the 
act  of  blowing  into  the  manometer  he  had  been  able  to  accomplish  a 
completely  normal  expiratory  excursion  of  his  ribs,  he  would  have 
further  reduced  the  volume  of  air  in  his  lungs  by  600  c.c.     Had  his 
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intercostal  muscles  been  sufficiently  strong  to  accomplish  this  com- 
pression, he  would  have  raised  the  pressure  in  the  manometer  to 
193  mm.  mercury — that  is,  143  mm.  higher  than  the  50  mm.  he  was 
able  to  attain.     This  is  estimated  according  to  the  following  formula: 

33^-^X4,200  =  3,337. 

In  this  formula,  750  =  barometric  pressure. 

800:^  mm.     of     mercury     pressure     which     was 
actually  produced  by  the  patient's  muscular 
effort. 
X  =  the  unknown  added  pressure  (143  mm.  mer- 
cury which  would  have  been  necessary  to 
compress    the    air    600   c.c.    less    than    the 
volume  which  was  attained  by  the  effort  he 
actually  employed.     As  shown  above,  this 
volume  was  3,937). 
4,200^  the   original  volume  of   air  in  the  lung  at 
prevailing  barometric  pressure. 
This  computation  shows  in  an  interesting  way  the  physical  basis 
for  the  man's  disability  to  constrict  his  thorax  for  want  of  his  inter- 
costal muscles.     He  was  able  to  raise  his  intrapulmonic  pressure  just 
half  as  high  as  if  he  possessed  normally  functioning  intercostal  muscles, 
but  the  vital  capacity  of  his  lungs  was  impaired  only  15  per  cent,  of 
the  normally  expected  amount. 

The  power  of  lowering  air  pressure  in  the  lungs  by  inspiratory 
effort  was  also  diminished  in  the  same  ])roportion  as  was  the  power 
of  compression.  The  losses  in  power  of  circumferential  con.striction 
and  of  expansion  were  the  same,  which  indicates  that  exactly  the  .same 
musculature  is  employed  in  both,  or  at  least  that  an  equal  loss  for  both 
processes  is  incurred  by  motor  paralysis  of  all  the  intercostal  muscles. 
Therefore,  if  it  can  be  shown  that  both  external  and  internal  inter- 
costals  are  employed  in  forced  compression,  the  corollary  follows  that 
both  sets  of  muscles  are  employed  in  forced  expansion. 

Loss  of  all  intercostal  function,  as  shown  by  the  preceding  dis- 
cussion, leaves  the  patient  in  respiratory  comfort  with  the  loss  of  only 
between  15  and  20  per  cent,  of  vital  capacity.  The  major  disability 
incurred  by  paralysis  of  all  the  intercostal  muscles  lies  wholly  withm 
any  effort  that  demands  compression  or  distension  of  the  lung  against 
resistance. 

The  opportunity  to  examine  the  thoracic  excursion  of  a  man  with 
normal  cardiorespiratory  function,  with  the  exception  of  motor 
paralysis  of  the  intercostal  muscles,  was  a  rare  opportunity.  I  can 
find    no    other    similar    case    in    medical    literature.      The    surprising 
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features  of  his  disability  were  the  slight  loss  of  vital  capacity  and 
the  great  loss  in  the  ability  forcibly  to  compress  and  to  distend  the 
lungs.  It  is  obvious  that  the  slightness  of  the  diminution  in  vital 
capacity  was  not  due  so  much  to  the  normally  small  share  of  the  lost 
costal  excursion  in  lung  distension  as  to  the  abdominal  muscles — 
which  by  their  attachments  to  the  entire  costal  borders  and  lower  end 
of  the  sternum  were  able  to  pull  the  lower  six  pairs  of  ribs  downward 
and  toward  the  median  line  and  to  pull  the  sternum  with  its  attached 
ribs  in  a  downward  direction — and  also  to  the  inspiratory  aid  of  the 
scaleni,  which  will  be  considered  later  in  the  discussion. 

Contribution  of  Each  Group  to  Vital  Capacity. — In  this 
relation  it  seemed  desirable  to  learn  about  how  much  of  the  vital 
capacity  may  be  lost  when  both  the  intercostal  and  abdominal  muscles 
are  paralyzed.  Under  such  conditions  the  actual  share  of  phrenic 
excursion  in  procuring  vital  capacity  can  be  estimated,  because  in 
expiration  the  ribs  cannot  be  drawn  into  a  forced  expiratory  position 
by  the  abdominal  muscles. 

Experiment  1. — A  vigorous  dog,  weighing  11  kilos,  was  used.  Before  the 
administration  of  ether  there  was  given  only  Vi  grain  morphin  so  that  the 
respiratory  center  would  be  depressed  as  little  as  the  operative  conditions 
would  allow.  A  tracheal  cannula  was  inserted  and  connected  with  the  reser- 
voir of  a  Benedict  apparatus  that  contained  75  per  cent,  oxygen  and  25  per 
cent,  carbon  dioxid.  This  was  done  with  the  idea  that  if  the  animal  were  under 
light  anesthesia  he  would  exhibit  nearly  his  whole  vital  capacity  in  the  ensuing 
hyperpnea  that  would  be  demanded  by  rebreathing  such  a  high  percentage  of 
carbon  dioxid.     As  will  be  later  shown,  it  was  closely  approximated. 

In  Figure  1,  line  A,  is  seen  the  tracing  made  on  a  drum  revolving  at  the 
rate  of  5  mm.  per  second.  The  time  marker  is  in  one-fifth  second.  The  dog 
rebreathed  into  a  Benedict  apparatus  with  a  clamp  on  the  tubes  leading  to 
the  canister.  The  largest  excursion  of  the  reservoir  recorded  a  tidal  air 
of  704  c.c.  The  spinal  cord  was  then  sectioned  at  the  level  of  the  top  of  the 
body  of  the  first  dorsal  vertebra.  The  scaleni  and  diaphragm  were  the  only 
respiratory  muscles  left  intact ;  the  intercostals,  triangularis  sterni,  serrati 
postici  and  abdominal  muscles  being  paralyzed.  During  inspiration  the  dia- 
phragm had  a  large  excursion,  as  shown  by  the  inspiratory  protrusions  of 
the  upper  abdomen  ;  both  costal  margins  were  drawn  toward  the  median  line 
and  the  lateral  aspects  of  the  thorax  were  slightly  retracted.  The  tracheal 
cannula  was  reconnected  with  the  Benedict  reservoir  within  a  few  minutes  after 
the  spinal  cord  was  sectioned.  The  tracing  in  line  B,  Figure  1.  was  then  made 
on  a  drum  slowly  revolving  at  a  rate  of  1  mm.  per  second.  The  transitions 
from  inspiration  to  expiration  and  vice  versa  are  seen  to  be  at  first  very 
prompt,  and  then  gradually  there  developed  a  change  in  the  automatic  steer- 
ing. The  transition  from  expiration  to  inspiration  remained  the  same,  but 
there  was  a  prolongation  of  the  time  between  the  end  of  inspiration  and  the 
end  of  expiration. 

As  seen  in  Figure  1,  line  A  at  x,  before  the  cord  was  sectioned  the  dura- 
tion of  an  inspiration  was  four-fifths  second  and  of  an  expiration  seven-fifths 
second.  Lines  C,  D,  E  and  F  (Fig.  1)  are  tracings  of  the  respiration  after 
the  cord  was  sectioned.  The  speed  of  the  drum  was  5  mm.  per  second,  and 
the  time  marker  registered  in  one-fifths  of  a  second.  .\t  Y,  line  E,  the  dura- 
tion of  an  inspiration  was  four-fifths  second,  but  from  the  height  of  inspiration 
to  the  end  of  expiration  was  thirteen-fifths  second.  The  diaphragm  was  held 
near  the  maximum  point  of  excursion  for  nine-fifths   second,   and  then   it  was 
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relaxed  as  the  retractile  lung  expelled  its  contents  in  the  remaining  four-fifths 
second.  After  section  of  the  cord  the  largest  tidal  air  recorded  was  308  c.c, 
which  is  only  43  per  cent,  of  the  tidal  air  procured  before  the  intercostal 
system  and  abdominal  muscles  were  paralyzed.  Under  these  conditions  67  per 
cent,  of  the  vital  capacity  was  lost,  whereas  in  the  patient  with  paralyzed 
intercostals  and  intact  abdominal  muscles  there  was  a  loss  of  only  15  per 
cent,  of  the  vital  capacity. 

An  attempt  was  made  to  simulate  the  forced  expiratory  phase  of  the  patient 
with  paralyzed  intercostals  and  active  abdominal  muscles  by  compressing  the 
dog's  abdomen  with  the  palms  of  both  hands  and  at  the  same  time  pulling  in 
both  costal  margins  by  the  finger  tips  (Fig.  1,  line  F  at  x,  y,  z).  This  proce- 
dure increased  the  tidal  air  from  308  to  440  c.c.  which  is  62  per  cent,  of  the 
vital  capacity  under  normal  conditions.  Of  course  this  procedure  did  not 
adequately  represent  the  function  of  normal  abdominal  muscles,  but  it  indi- 
cates how  the  mechanism  could  be  approximated.  Cutting  the  cord  slowed 
the  respiratory  rate  from  24  to  16  per  minute,  but  the  slowing  of  the  rate  was 
due  to  the  change  in  the  automatic  steering,  which  consisted  in  a  delay  of 
the  transition  from   inspiration  to  expiration. 

To  determine  (before  the  dog's  cord  was  severed)  how  nearly  the 
tidal  air  equaled  the  vital  capacity,  the  pluck  was  removed  and 
measurement  was  made  of  the  volume  of  air  that  could  be  expressed 
from  the  lungs  after  they  were  given  their  maximum  distension.  This 
was  found  to  be  1,012  c.c.  If  from  this  we  substract  200  c.c.  for 
residual  air,  there  remain  812  c.c,  which  is  only  94  c.c.  in  excess  of 
the  tidal  air  (708  c.c.)  obtained  when  the  animal  was  breathing  the 
high  percentage  of  carbon  dioxid.  When  we  consider  the  possible 
excess  of  distension  obtained  by  blowing  up  the  excised  lungs  above 
the  maximum  inspiratory  distension  during  life,  it  is  apparent  that 
the  704  c.c.  of  tidal  air  closely  approximated  the  dog's  vital  capacity 
when  all  the  respiratory  muscles  were  intact,  and  308  c.c.  the  vital 
capacity  after  the  intercostal  system  and  abdominal  muscles  were 
paralyzed. 

During  the  time  the  dog  was  breathing  his  maximum  minute 
volume  of  air  when  the  cord  was  intact,  the  abdominal  muscles  were 
vigorously  contracted  during  expiration,  and  although  the  intrapleural 
pressure  was  not  measured  during  that  time,  the  fact  that  the  abdom- 
inal muscles  were  vigorously  contracted  is  good  evidence  that  the 
pressure  in  the  pleural  cavity  was  raised  above  barometric  pressure. 
The  active  vigor  with  which  expiration  is  performed  in  such  experi- 
ments depends  on  the  depth  of  anesthesia  and  the  state  of  exhaustion 
of  the  animal.  When  the  intercostals  alone  are  paralyzed,  the  abdom- 
inal muscles  contribute  to  the  vital  capacity  by  their  expiratory  aid, 
as  shown  in  the  patient  whose  intercostals  were  paralyzed  while  the 
abdominal  muscles  were  intact. 

Experiment  2  was  done  to  show  how  much  of  the  vital  capacity 
of  an  animal  is  sacrificed  when  the  diaphragm  is  paralyzed  and  the 
scaleni,  intercostals  and  abdominal  muscles  are  intact. 
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Experiment  2. — A  dog  weighing  17  kilos  was  given  V4  grain  morphin 
prior  to  ether  anesthesia.  After  insertion  of  a  tracheal  cannula,  the  animal 
Tebreathed  into  the  Benedict  reservoir  containing  75  per  cent,  oxygen  and 
25  per  cent,  carbon  dioxid.  During  this  period  of  intense  hyperpnea,  the  dog 
very  vigorously  contracted  the  abdominal  muscles  during  expiration,  so  that 
we  have  good  reason  for  saying  he  was  employing  his  maximum  expiratory 
and  inspiratory  efforts.  The  largest  tidal  air  was  836  c.c.  The  phrenic  nerves 
were  then  sectioned  in  the  lower  portion  of  the  cervical  region  and  rebreathing 
■of  a  high  percentage  of  carbon  dioxid  was  resumed.  During  this  period  the 
outward  movement  of  the  costal  margins  was  very  greatly  exaggerated,  and 
in  expiration  the  abdominal  muscles  were  strongly  contracted.  The  largest 
tidal  air  procured  was  418  c.c. 

An  incision  was  then  made  in  the  abdomen  and  the  leaves  of  the  diaphragm 
were  inspected.  They  were  found  to  be  paralyzed  on  both  sides,  but  there  was 
a  vigorous  contraction  of  the  crura  of  the  diaphragm,  which  evidently  received 
some  ner\'e  supply  from  the  cord  below  the  origin  of  the  phrenics.  The  active 
contraction  of  the  crura  drew  the  mid-portions  of  the  diaphragm  slightly 
downward  and  backward,  and  no  doubt  contributed  somewhat  to  stabilizing  the 
whole  diaphragm,  so  that  it  did  not  ascend  during  inspiration  when  the  inter- 
■costals  were   strongly  activated. 

The  inability  to  get  absolute  paralysis  of  the  entire  diaphragm  by 
sectioning  the  phrenic  nerves  makes  the  estimation  of  the  diaphragm's 
contribution  to  vital  capacity  somewhat  doubtful.  The  manner  in 
which  this  dog's  diaphragm  behaved  will  not  allow  the  assumption  that 
all  the  share  of  the  diaphragm  in  inspiration  was  eliminated.  However, 
so  far  as  our  observations  go,  they  indicate  that  paralysis  of  the  inter- 
costal muscles  with  preservation  of  the  abdominal  muscles  reduces 
the  vital  capacity  only  about  15  per  cent.,  whereas  paralysis  of  the 
diaphragm  which  follows  sectioning  of  the  phrenic  trunks  reduces  the 
vital  capacity  about  50  per  cent. 

To  see  how  nearly  the  maximum  tidal  air  of  the  animal  represented 
his  vital  capacity,  the  intercostal  spaces  on  both  sides  were  freely 
opened  and  after  the  animal  died  the  lungs  were  blown  up  to  their 
maximum  capacity  in  situ  within  the  thorax,  and  then  the  escaping 
air  was  measured  as  the  lungs  passively  contracted.  The  amount  of 
air  thus  expelled  from  maximum  distension  to  maximum  contraction 
was  1,276  c.c.  So  it  seems  that  836  c.c.  closely  approximates  the 
animal's  vital  capacity  when  we  consider  the  residual  air  to  have  been 
about  300  c.c. 

This  experiment  was  done  on  three  different  animals.  In  one 
experiment  there  was  very  slight  action  of  the  pillars  of  the  diaphragm 
after  the  phrenics  were  cut.  In  two  animals  that  part  of  the  diaphragm 
inserted  on  the  vertebrae  contracted  with  great  vigor,  but  in  all  the 
animals  that  part  of  the  diaphragm  inserted  laterally  to  the  vertebrae 
and  on  the  costal  borders  was  completely  paralyzed.  This  observation 
was  confirmed  by  making  an  incision  through  the  diaphragm  so  that 
the  entire  extent  of  the  phrenic  structure  could  be  palpated  between 
the  thumb  and  fingers. 
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Experiment  3  was  employed  to  give  some  conception  of  the  ven- 
tilatory capacity  of  the  intercostals  when  the  diaphragm  was  paralyzed 
and  the  abdominal  muscles  eliminated  by  cutting  away  their  attach- 
ments to  the  costal  borders. 

Experiment  3. — After  a  preliminary  dose  of  M  grain  morphin,  a  trache- 
otomy tube  was  introduced  into  the  trachea  of  a  dog  under  ether  anesthesia 
and  connected  with  a  Benedict  reservoir  containing  20  per  cent,  carbon  dioxid 
and  80  per  cent,  oxygen.     The  time  recorded  is  in  one-fifths  of  a  second.     The 
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lower  line  A,  Figure  2,  records  the  respiratory  excursion  while  the  dog  was 
rebreathing  this  high  percentage  of  carbon  dioxid.  The  largest  tidal  air 
recorded  was  484  c.c.  Both  phrenic  nerves  were  then  sectioned  in  the  lower 
cervical  region  and  the  respiration  recorded  on  line  B.  The  largest  tidal  air 
recorded  was  330  c.c. 

The  linea  alba  was  then  incised  up  to  the  diaphragm  and  all  the  attach- 
ments of  the  abdominal  muscles  to  the  costal  borders  and  last  rib  were 
severed.     Tracing  C  was  then  made  and  the  largest  tidal   air  was  220  c.c. 


CONFORMATION     OF     THE     THORAX     AND     MANNER     OF     COSTAL 

EXCURSION 

Before  entering  on  a  discussion  of  muscular  function,  the  next 
problem  to  consider  is  the  conformation  and  excursion  of  the  thoracic 
cage.  The  bony  cage  of  the  thorax  consists  of  two  parts,  whose 
mechanisms   of   respiratory  excursion  differ  in  several   details.     The 
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Upper  portion,  or  cuirass,  consists  of  the  sternum  and  upper  five  ribs, 
which  unite  transverely  with  the  sternum  at  nearly  right  angles.  In 
inspiration  the  anterior  transverse  portions  of  the  second  to  the  fifth 
ribs  (inchisive)  are  rotated  in  a  vertical  plane  which  intersects  the 
rib  at  its  midclavicular  line  and  the  articulation  between  the  head  of 
the  rib  and  the  transverse  process  of  the  \ertebrae.  The  lateral  parts 
of  these  ribs  rotate  in  a  vertical  plane  which  intersects  the  rib  in  its 
midaxillary  line  and  the  middle  of  the  median  plane  of  the  thorax. 
Both  of  these  radii  of  rotation  for  these  four  ribs  increase  in  length 
from  above  downward  as  their  arches  increase  in  size. 

In  the  Hamberger  model,  which  supposedly  represents  the  elevation 
of  the  ribs,  the  radii  of  rotation  for  rib  segments  are  wrongly  employed 
to  represent  the  ribs,  and,  therefore,  show  a  widening  of  the  distance 


Figure  3 


between  these  supposed  structures  as  they  move  upward  in  parallel 
relation.  The  widening  is  true  for  the  radii  of  rotation  of  rib  seg- 
ments but  not  for  the  intercostal  spaces,  which  should  be  measured 
by  the  distance  between  the  ends  of  the  radii.  This  will  be  seen  in 
Figure  3. 


In  the  above  diagram  let  A-G  be  the  vertebral  column  and  A-D,  B-E 
and  C-F  the  radii  of  rotation  of  the  anterior  parts  of  three  ribs.  As  the  radii 
move  upward  or  in  a  cephalad  direction,  retaining  the  parallel  relation  so 
that  they  are  brought  into  the  positions  of  A-D',  B-E'  and  C-F',  the  distances 
between  the  parallel  radii  increase  but  the  distances  between  the  ends  of  the 
radii  diminish;  and  it  is  the  distance  between  the  ends  of  the  radii  which 
should  represent  the  breadth  of  an  intercostal  space.  An  apparatus  was 
designed  to  illustrate  this  point   (Fig.  4). 

In  Figure  4,  A,  the  large  perpendicular  piece  represents  the  side  of 
the  vertebrae.     The  three  parallel  structures  at  bent  angles  with  the 
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vertebrae  represent  the  radii  on  which  segments  of  the  arches  of  the 
upper  ribs  rotate.  The  three  transverse  pieces  attached  to  the  ends  of 
the  radii  represent  segments  of  the  arches  of  the  ribs,  and  the  three 
rubber  bands  which  connect  the  segments  of  the  ribs  represent  the 
intercostal  muscles. 


Figure  4 

In  B,  as  the  three  radii  are  released  they  rise  to  a  right  angle 
position  on  the  vertebrae.  The  distances  between  the  radii  are 
enlarged,  but  the  elastic  bands  which  represent  the  intercostal  muscles 
are  shortened. 

If  the  apparatus  is  turned  upside  down,  we  then  have  an  illustration 
of  the  ribs  at  the  base  of  the  thorax  where  the  arches  of  the  ribs 
diminish  in  size  as  we  descend. 

In  C,  the  three  arms  forming  acute  angles  with  the  perpendicular 
median  plane  of  the  thorax  represent  the  radii  of  rotation  of  the  ninth. 
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tenth  and  eleventh  ribs.  When  the  radii  form  an  acute  angle  with  the 
perpendicular,  the  bands  representing  the  intercostal  muscles  are 
relaxed,  and  then  if  the  radii  are  lifted  into  the  horizontal  position,  as 
in  D,  the  intercostal  bands  become  taut.  This  is  just  the  opposite  of 
the  conditions  which  obtain  in  the  upper  thorax,  where  elevation  of 
pairs  of  ribs  in  parallel  relation  narrows  the  intercostal  spaces  through- 
out their  entire  extent.  In  the  middle  of  the  thorax,  where  the  suc- 
ceeding lower  rib  has  the  same  sized  arch,  or  in  the  lower  thorax, 
where  the  succeeding  lower  rib  has  a  lesser  arch,  elevation  of  ribs  in 
pairs  would  widen  the  intercostal  spaces  but  for  provisions  in  the 
structures  of  the  anterior  extremities  of  the  last  seven  ribs.  From; 
the  sixth  to  the  tenth  rib,  inclusive,  the  angulation  of  the  cartilaginous 
parts  of  the  ribs  with  their  bony  parts  permits  an  enlargement  of  the 
costochondral  angle  as  the  rib  is  elevated,  and  thus  the  entire  arch  of 
the  rib  is  enlarged  as  it  is  drawn  upward  and  outward  by  the  inter- 
costal muscles.  The  straightening  of  the  costochondral  angle  thus 
permits  all  that  part  of  the  rib  which  is  lateral  to  the  chondral  portion 
to  be  rotated  outward  in  a  horizontal  plane  on  a  vertebral  axis.  The 
capacity  for  outward  rotation  on  a  vertebral  axis  increases  from  the 
sixth  to  the  twelfth  ribs,  inclusive,  and  is  particularly  ample  in  the 
floating  ribs.  If  these  last  seven  ribs  move  upward  in  response  to 
activation  of  the  intercostal  muscles  attached  to  their  upper  borders, 
they  must  swing  laterad,  and  thus,  by  increasing  the  length  of  the 
radii  of  cephalad  rotation  of  their  arches,  the  intercostal  spaces  retain 
a  constant  breadth.  This  introduction  of  an  additional  axis  of  rotation 
for  the  lower  seven  ribs  compensates  for  the  widening  of  their  inter- 
costal spaces  that  of  necessity  would  result  if  the  radii  of  rotation  of 
their  arches  were  not  enlarged  as  they  are  elevated  during  inspiration. 
It  is  an  absurdity  to  suppose  that  direct  action  of  the  intercostal 
muscles  in  any  phase  of  quiet  respiration  could  possibly  widen  the 
spaces  between  ribs.  The  mechanism  just  described  shows  how  eleva- 
tion of  the  ribs  increases  the  circumference  of  the  thorax  at  every 
level  without  stretching  the  parietal  pleura,  and  maintains  a  constant 
breadth  of  the  intercostal  spaces.  In  fact,  the  function  of  the  inter- 
costal muscles  during  inspiration  is  to  elevate  the  ribs  without  widening 
the  intercostal  spaces.  The  visceral  pleura  glides  over  the  parietal 
pleura  only  in  pulmonary  excursion  between  the  position  of  apnea 
(i.  e.,  the  end  of  passive  expiration)  and  that  of  maximum  inspiration, 
and  within  this  range  of  thoracic  excursion  the  parietal  pleura  is 
maintained  as  a  smooth,  taut  membrane — a  condition  that  is  very 
essential  for  the  smooth  functioning  of  lung  extension.  From  the 
position  of  apnea  to  that  of  forced  expiration,  when  the  ribs  are  all 
pulled  downward  and  the  lower  seven  are  rotated  mediad  on  their 
vertebral  axes  by  the  action  of  all  the  intercostals  and  the  abdominal 
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muscles,  so  that  the  surface  of  the  parietal  pleura  may  present  a  slighth 
corrugated  surface;  but  within  this  range  of  thoracic  excursion  there 
is  no  gliding  between  the  visceral  and  parietal  pleurae. 

This  exposition  of  costal  excursion  clearly  shows  how  the  inter- 
costal spaces,  from  the  second  to  the  fifth,  inclusive,  may  either  retain 
their  breadth  or  be  slightly  narrowed  in  the  process  of  increasing  the 
circumference  of  that  part  of  the  thorax  which  has  the  rigidity  of  a 
cuirass;  and  it  also  shows  how,  if  the  ribs  be  permitted  to  move 
cephalad  during  inspiration,  the  lower  intercostal  spaces,  from  the 
sixth  to  the  eleventh,  inclusive,  must  retain  their  width  unchanged  by 
an  outward  rotation  of  the  ribs  on  a  vertebral  axis.  If  this  outward 
movement  of  the  lower  ribs  is  not  allowed,  then  the  lower  part  of  the 
thorax  is  rib-bound  and  loses  its  contribution  to  pulmonary  excursion 
in  inspiration. 

It  thus  become  apparent  how  flattening  of  the  subcardial  and  lateral 
portions  of  the  diaphragm  will  lessen  the  vital  capacity  of  the  lungs 
not  only  because  some  phrenic  excursion  is  lost  but  also  because 
flattening  of  any  part  of  the  diaphragm  lessens  the  outward  rotation 
of  the  costal  ends  to  which  it  is  attached.  Depression  of  the  diaphragm 
renders  a  patient,  so  to  speak,  both  phrenic  bound  and  costal  bound  in 
the  lower  thorax.  In  cardiac  disease,  where  the  enlarged  heart  flattens 
the  subcardial  diaphragm  and  causes  inspiratory  narrowing  of  the 
subcostal  angle,  we  can  see  how  the  loss  of  outward  rotation  of  the 
involved  ribs  will  contribute  to  a  loss  in  vital  capacity  of  the  lungs.  So 
that  cardiac  decompensation  contributes  to  lessening  of  lung  capacity 
not  only  by  lung  rigidity  from  stasis  in  the  pulmonary  circulation,  but 
also  by  costal  rigidity  due  to  a  loss  of  outward  rotation  in  the  sixth  to 
the  ninth  ribs,  inclusive. 

To  show  the  absurdity  of  the  supposed  widening  of  the  intercostal 
spaces  on  inspiration,  one  needs  only  to  stretch  a  tape  from  the  top 
of  the  second  rib  in  the  midclavicular  line  to  the  eleventh  rib  in  the 
midaxillary  line,  and  it  is  then  seen  that  from  the  end  of  a  normal 
expiration,  or  the  position  of  apnea,  to  a  maximum  inspiration,  the 
distance  between  these  two  points  remains  unchanged.  If  the  tape  is 
stretched  from  the  middle  of  the  clavicle  to  any  point  on  the  lower 
ribs,  the  distance  between  the  two  points  is  found  to  be  lessened  during 
quiet  inspiration.  In  other  words,  all  excepting  the  first  rib  move 
cephalad  during  a  moderate  inspiration.  In  a  forced  inspiration  the 
scaleni  elevate  the  first  rib  and  with  it  the  clavicle. 

Excepting  the  first  interspace,  every  part  of  all  the  intercostal 
spaces  retains  an  unchanged  breadth  during  tranquil  inspiration, 
excepting  those  parts  which  lie  between  the  costal  cartilages  as  they 
form  an  angle  with  the  course  of  their  respective  rib  and  turn  in  a 
cephalad   direction  to   join  the   sternum.     These   interchondral   spaces 
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are  decidedly  widened  during  inspiration,  as  can  be  clearly  seen  in 
the  dog  when  the  intercostal  spaces  are  uncovered.  However,  in  this 
area  of  interchondral  spaces,  a  considerable  volume  of  muscle  inter- 
venes between  the  spaces  and  the  parietal  pleura,  viz.,  the  triangularis 
sterni  and  the  transverse  abdominal  muscles ;  so  the  alternate  widenino- 
and  narrowing  of  these  spaces  with  respiratory  movements  do  not 
modify  the  contour  of  that  part  of  the  parietal  pleura  that  lies 
underneath. 

This  exposition  of  costal  excursion  is  confirmed  by  a  doo-  experi- 
ment which  was  designed  to  produce  an  exaggeration  of  the  normal 
excursion  of  the  ribs. 

Experiment  4. —  Under  morphin,  Vi  grain,  and  ether  anesthe.sia,  both 
phrenic  nerves  were  severed  in  the  lower  cervical  region,  and  all  the  attach- 
ments of  the  abdominal  muscles  were  cut  away  from  the  costal  margins,  and 
the  ribs  exposed  by  skinning  one  side  of  the  thorax.  By  this  means  all 
restraint   to   costal    excursion   by   the    diaphragm    and    abdominal    muscles   was 


Figure  5 


abolished.  The  dog  was  then  made  to  rebreathe  through  a  tracheal  cannula 
connected  with  a  Benedict  reservoir  that  contained  25  per  cent,  carbon  dioxid 
and  75  per  cent,  oxygen.  The  tube  connecting  the  trachea  with  the  reservoir 
was  narrowed  by  means  of  a  screw  clamp  so  that  inspiration  and  expiration 
were  both  much  prolonged.  It  was  thus  possible  to  make  a  satisfactory 
inspection  of  the  costal  movements. 

The  second  rib  touched  the  first  rib  at  the  height  of  inspiration,  and  the 
second  interspace  was  narrowed  but  not  so  much  as  the  first.  The  narrowing 
of  the  interspaces  during  inspiration  grew  progressively  less  to  the  seventh, 
which  retained  an  unchanged  breadth  during  the  entire  respiratory  cycle;  but 
from  the  seventh  space  down  to  the  twelfth,  inclusive,  there  was  a  perceptible 
widening  of  the  interspaces  during  inspiration  and  narrowing  at  the  end  of  the 
forced  expiratory  effort.  These  observations  were  made  on  the  intercostal 
spaces  in  a  line  drawn  from  the  midclavicular  line  on  the  second  rib  to  the 
midaxillary  line  on  the  thirteenth  rib.  It  Vv'as  clearly  perceived  that  the  inter- 
spaces in  the  upper  half  of  the  thorax,  or  cuirass,  were  narrowed  in  inspira- 
tion and  widened  in  expiration,  but  in  the  lower  half  the  interspaces  were 
widened  during  inspiration  and  narrowed  with  expiration. 
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This  strongly  indicates  that  the  intercostal  muscles  are  concerned 
wholly  with  rotation  of  the  ribs  in  laterad.  cephalad  and  caudad  direc- 
tions, and  have  nothing  to  do  with  the  breadth  of  the  intercostal  spaces. 
The  varying  breadth  of  the  intercostal  spaces  is  a  mere  incident  in 
the  process  of  enlarging  the  circumference  of  the  thorax  in  all  its 
levels  during  inspiration,  and  constricting  the  thorax  circumferentially 
during  expiratory  efiforts. 

Figures  5  and  6  illustrate  the  rotations  of  the  intercostal  spaces 
in  forced  expiration. 

In  Figure  5  A-B  represents  a  line  drawn  through  the  costovertebral  articu- 
lation of  three  upper  ribs.  C,  D  and  E  are  points  on  the  first,  second  and 
third  ribs   in  the  mid-clavicular  line.     A-C,   F-D,   and   G-E   are   the   radii   of 


Figure  6 


rotation  of  the  points  on  the  ribs.  The  distances  between  the  arcs  of  rota- 
tion of  these  radii  are  seen  to  broaden  as  the  arcs  are  draw-n  downward,  which 
of  course  means  that  the  intercostal  spaces  are  slightly  broadened  in  this  part 
of  the  thorax  as  the  ribs  are  pulled  downward  from  the  position  of  apnea  to 
that  of  forced  expiration.  As  we  descend  to  the  lower  position  of  the  thorax, 
there  is  a  distinct  narrowing  of  the  intercostal  spaces  with  forced  expiration. 
This  mechanism  is  described  in  Figure  6. 

In  Figure  6  let  the  line  A-B  represent  a  line  on  the  middle  of  the  vertical 
plane  of  the  thorax,  and  C,  D  and  E  points  on  the  ninth,  tenth  and  eleventh 
ribs  in  the  midaxillary  line.  A-C.  F-D,  and  G-E  are  the  radii  of  rotation  of 
the  points  on  the  arches  of  these  ribs,  which  diminish  in  size  from  above  down- 
ward. As  these  ribs  are  drawn  mediad  and  caudad,  the  ends  of  the  radii  of 
rotation  of  neighboring  costal  segments,  as  shown  by  the  arcs  of  excursion 
of  the  points  C,  D   and   E,  will  be  approximated. 

Thus,  in  thoracic  excursion  from  the  postion  of  apnea  to  that  of 
maximum  expiratory  compression,  the  upper  part,  or  cuirass,  and  the 
lower  or  bellows  part  are  both  diminished  in  circumference,  but  in  this 
process  the  upper  intercostal  spaces  are  slightly  broadened  and  the 
lower  intercostal  spaces  are  narrowed. 
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COMPRESSION     OF     THE     LUNGS     BY     INTERCOSTAL     MUSCLES 

As  shown  thus  far  by  this  study,  the  active  part  that  the  intercostal 
muscles  may  perform  in  compressing  the  lungs  indicated  the  need  of 
proving  that  the  intercostals  without  the  aid  of  the  abdominal  muscles 
can  raise  the  pressure  in  the  pleural  cavity.  The  loss  of  one  half  the 
power  of  lung  compression  in  our  patient  with  paralyzed  intercostals 
and  intact  abdominal  muscles  demanded  proof  that  the  intercostals 
without  the  aid  of  the  abdominal  muscles  can  compress  the  lungs. 

Five  animals  were  employed  for  this  purpose.  In  four  of  them 
the  abdominal  muscles  were  eliminated  by  cutting  all  their  attachments 
to  the  thoracic  cage,  and  in  one  dog  the  dorsal  cord  was  sectioned 
at  the  level  of  the  fifth  dorsal  vertebra.  The  Meltzer  pleural  cannula 
and  a  tambour  were  used  in  each  experiment  to  record  the  intra- 
pleural pressure.  The  pleural  cavity  was  injected  with  100  c.c.  of 
air  to  insure  against  occlusion  of  the  intrapleural  opening  of  the 
cannula,  and  after  each  tracing  the  contained  air  was  aspirated  by  a 
graduated  syringe  to  make  sure  there  had  been  no  leakage  of  air  into 
the  pleural  cavity.  The  dog  was  made  to  rebreathe  an  atmosphere 
of  80  per  cent,  oxygen  and  20  per  cent,  carbon  dioxid  against  stenosis 
equal  in  inspiration  and  expiration  and  as  great  as  the  animal  would 
tolerate — i.e.,  the  maximum  resistance  against  which  the  dog  would 
continue  to  breathe. 

The  rise  in  pleural  pressure  in  expiration  was  always  very  mod- 
erate, only  about  one-quarter  as  great  as  the  minus  pressure  obtained 
during  inspiration.  There  was  some  doubt  as  to  whether  the  moderate 
positive  pressure  attained  in  expiration  was  due  to  action  of  the  inter- 
costals or  merely  to  pressure  of  the  expanded  thoracic  cage 
passively  resting  on  the  lungs  after  they  had  been  distended  by  torsion 
of  the  thorax  and  descent  of  the  diaphragm  during  inspiration. 

In  several  experiments  only  I/4  grain  morphin  was  given  before 
ether  anesthesia  was  employed,  and  the  animal  was  permitted  to  come 
sufficiently  out  of  the  ether  anesthesia  so  that  the  conjunctival  reflex 
returned.  The  idea  was  then  conceived  that  the  preliminary  dose  of 
morphin  or  the  ether  was  responsible  for  the  high  threshold  for  active 
expiration,  and  therefore  nitrous  oxid  anesthesia  was  employed  with- 
out any  preliminary  dose  of  morphin.  The  results  obtained  by  this 
method  were  ver}^  satisfactory. 

Experiment  5. — Tlie  dog  with  which  the  following  tracings  were  made  was 
a  vigorous  2-year  old  terrier,  weighing  12  kilos.  The  nitrous  oxid  anesthesia 
was  begun  by  giving  the  anesthetic  with  a  muzzle  over  the  dog's  nose  while  a 
tracheotomy  was  done,  a  tracheal  cannula  placed  in  position,  and  a  Meltzer 
cannula  inserted  in  the  fourth  intercostal  space  of  the  right  side.  An  appa- 
ratus like  that  used  in  the  surgical  department  of  Lakeside  Hospital  was 
emploj-ed,  and  the  anesthesia  was  administered  by  one  of  the  anesthetists  of  the 
surgical  service. 
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The  original  plan  was  to  cut  away  all  attachments  of  the  al)dominal  muscles 
to  the  thoracic  cage  while  the  animal  was  under  the  anesthetic,  and  then  with 
suspension  of  the  nitrous  oxid  it  was  planned  to  give  the  dog  a  dose  of 
apomorphin  with  the  idea  that  during  the  vomiting  effort  that  would  follow, 
the  action  of  the  intercostals  might  produce  a  strong  positive  pressure  in  the 
pleural  cavity.  Quite  beyond  all  expectation,  while  the  dog's  abdomen  was 
still  intact  and  without  the  introduction  of  any  further  resistance  to  expira- 
tion than  was  provided  by  the  apparatus  as  usually  employed  in  surgical  work, 
the  intrapleural  tracing  revealed  a  very  strong  positive  pressure  during  expira- 
tion. After  the  tracing  was  finished,  the  pleural  cavity  was  exhausted  of  air 
and  only  100  c.c.  could  be  withdrawn,  the  exact  amount  that  was  injected 
before  the  tracing  was  begun.  It  is,  therefore,  quite  certain  that  pneumo- 
thorax was  not  a  factor  in  the  intrapleural  pressure  obtained. 

In  Figure  7,  tracing  A  was  made  of  the  intrapleural  pressure  when  the 
abdominal  muscles  were  intact  and  there  was  no  resistance  offered  to  the 
entrance  and  exit  of  air  beyond  what  the  apparatus  supplied.  The  time  trac- 
ing is  in  seconds,  and  the  horizontal  line  traces  barometric  pressure.  The 
inspiratory  or  downward  stroke  is  straight  and  the  upward  or  expiratory 
stroke  is  equally  so.  As  the  tracing  shows,  each  expiration  was  active  and  was 
attended  by  vigorous  contraction  of  the  abdominal  walls.  There  was  a  free 
exchange  of  air  between'  the  lungs  and  the  elastic  bag  that  contained  the  mix- 
ture of  nitrous  oxid  and  oxygen.  The  intrapleural  pressure,  as  determined  by 
calibration  of  the  tambour  directly  after  the  experiment,  ranged  between  80 
and  130  mm.  of  water  above  barometric  pressure  and  between  60  and  80  mm. 
of  water  below.  The  extent  of  intrapleural  pressure  does  not  indicate  the 
volume  of  tidal  air,  because  the  intrapulmonic  pressure  was  above  the  barom- 
etric. However,  the  excursions  of  the  walls  of  the  rubber  bag  showed  the 
animal  was  freely  exchanging  air,  and  at  the  conclusion  of  the  tracing,  when 
the  trachea  was  disconnected  from  the  nitrous  oxid  apparatus,  there  was  no 
hyperpnea. 

This  was  a  far  better  exhibition  of  active  expiration  under  anes- 
thesia than  I  had  ever  succeeded  in  procuring.  It  was  therefore 
decided  to  cut  away  the  attachments  of  the  abdominal  muscles  from 
the  thoracic  cage  and  then  see  how  the  intrapulmonic  pressure  would 
beha\e  with  expiration  under  the  influence  of  nitrous  oxid. 

Apomorphin  was  not  given  W'hen  the  abdominal  muscles  had  been  cut,  and 
the  anesthetic  was  continued  as  before.  Both  inspiration  and  expiration  were 
apparently  conducted  with  much  vigor.  The  whole  surface  of  the  diaphragm 
was  plainly  in  view  and  could  be  seen  to  contract  vigorously  with  inspiration. 
During  expiration  the  under  surface  of  the  diaphragm  pouched  slightly 
caudad,  and  could  be  felt  by.  the  palpating  hand  to  be  under  rather  high 
pressure  during  the  entire  expiratory  phase. 

Tracing  B,  Figure  7,  was  then  made  of  the  intrapleural  pressure.  When 
this  tracing  was  made,  the  only  muscles  that  could  possibly  contribute  to 
overcoming  the  intrapulmonic  pressure  were  the  intercostal  muscles,  the  tri- 
angularis sterni,  and  some  of  the  serratus  posticus  inferior.  It  seems  cer- 
tain that  the  intercostals  must  have  been  the  dominant  agent  in  compressing 
the  lungs.  The  excursion  of  the  thoracic  cage  was  vigorous,  and  the  costal 
borders   were  strongly  moved  lateral   during   inspiration. 

At  the  right  of  the  middle  of  the  tracing  the  intrapulmonic  pressure  was 
nearly  sufficient  to  distend  the  lungs,  as  shown  by  the  fact  that  the  intra- 
pleural pressure  during  inspiration  descended  very  little  below  the  barometric 
line.  That  the  dog  was  freely  exchanging  air  was  indicated  by  the  thoracic 
excursion  and  the  movements  of  the  bag  containing  the  anesthetic.  At  A 
the  valve  in  the  lateral  opening  of  the  tube  connecting  the  tracheal  cannula 
with    the    rubber    bag    was    opened    more    freely    to    reduce    the    intrapulmonic 
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pressure.  Immediately  the  inspiratory  excursions  of  intrapleural  pressure 
below  the  barometric  line  increased  and  the  expiratory  excursions  above 
diminished. 

The  time  markings  in  this  tracing  are  in  fifths  of  a  second.  The  hori- 
zontal line  traces  barometric  pressure.  The  pressure  above  the  barometric 
line  ranged  between  120  and  60  mm.  of  water,  and  that  below  between  60  and 
10  mm.  of  water,  the  pressure  above  the  line  being  greatest  when  the  pressure 
below  was  least. 

In  Figure  7,  tracing  C  is  from  the  last  part  of  the  tracing  shown  in  B. 
The  ten  respiratory  cycles  wath  the  two  that  preceded  H  were  all  alike,  having 
a  duration  of  eight-fifths  second  for  inspiration  and  twelve-fifths  second  for 
expiration.  The  intrapleural  pressure  in  inspiration  descended  only  15  mm. 
of  water  below  barometric  pressure,  but  during  expiration  it  ascended  40  mm. 
of  water  above.  Then  as  the  tracheal  cannula  was  disconnected  from  the 
nitrous  oxid  apparatus  at  H.  the  character  of  the  respiration  changed.  The 
intrapleural  pressure  remained  below  the  barometric  line  and  during  inspiration 
descended  to  50  mm.  of  water. 

The  air  was  then  aspirated  from  the  pleural  cavity  and  100  c.c.  w^ere 
obtained,  the  exact  amount  injected  before  the  tracing,  in  B  and  C  was  begun. 
That  the  dog  w-as  freely  exchanging  air  during  this  period  is  shown  by 
the  want  of  hyperpnea  as  the  tracheal  cannula  was  disconnected  from  the 
apparatus. 

In  Figure  7,  line  D  is  the  intrapleural  tracing  while  the  dog  was  freely 
breathing  room  air  through  the  tracheal  cannula.  In  the  six  respiratory 
cycles  in  which  the  expiratory  pressure  goes  above  the  barometric  line,  the 
dog's  thorax  was  strongly  compressed  laterally  during  expiration  between 
my  two  hands.  During  this  compression,  the  under  surface  of  the  diaphragm 
was  depressed.  The  moderate  rise  of  intrapleural  pressure  during  this  pro- 
cedure gives  some  idea  of  the  vigor  with  which  expiration  was  accomplished 
in  the  periods  when  the  preceding  tracings  were  made. 

The  dog  was  then  given  ether,  and  a  large  amount  of  air  admitted  to  the 
pleural  cavity  through  the  Meltzer  cannula.  The  pneumothorax  was  of  such 
degree  that  during  expiration  the  entire  under  surface  of  the  diaphragm 
projected  as  a  convex  dome  below  the  costal  borders.  During  this  period  trac- 
ing E,  Figure  7,  was  made.  The  time  was  in  one-fifths  of  a  second,  expira- 
tion occupying  eight-fifths  second  and  inspiration  three-fifths  second.  During 
expiration  the  intrapleural  pressure  rose  only  as  high  as  40  mm.  of  water  above 
the  barometric  line,  but  during  the  brief  inspiration  the  pressure  descended  to 
180  mm.  of  water  below.  I  have  in  former  experiments  frequently  traced  the 
intrapleural  pressure  of  dogs  with  severe  pneumothorax  when  morphin  and 
chloretone  or  morphin  and  ether  were  used  for  anesthesia,  and  many  of  the 
tracings  were  like   this   one. 

The  mechanisms  involved  in  breathing  against  a  positive  intra- 
piUmonic  pressure  seemed  to  require  further  consideration.  For  this 
purpose  another  experiment  was  made  with  nitrous  oxid  anesthesia, 
in  which  the  same  apparatus  was  used  as  in  the  preceding  one. 

ExPERiMEXT  6. — A  T-tube  was  put  in  the  tube  connecting  with  the  tracheal 
cannula,  and  by  means  of  its  lateral  branch  the  intrapulmonic  pressure  could 
be  traced  by  a  tambour  at  the  same  time  the  intrapleural  pressure  was  recorded 
by  a  tambour  connected  with  a  Meltzer  cannula  in  the  fourth  right  intercostal 
space  in  the  midclavicular  line.  The  writing  styles  of  the  two  tambours  were 
perfectly  aligned,  so  that  the  intrapulmonic  and  intrapleural  pressures  could 
be  compared  at  anj'  phase  of  a  respiratory  cycle. 

The  dog  was  a  terrier  weighing  9.5  kilos.  Nitrous  oxid  and  a  little  ether 
were  used  while  the  preliminary  tracheotomy  was  performed  and  the  tracheal 
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cannula  fixed  in  position.  Only  nitrous  oxid  and  oxygen  were  subsequently 
used.  The  tracing  was  made  while  all  the  muscles  involved  in  respiration 
were  intact. 

In  Figure  8  the  upper  line  is  the  tracheal,  and  the  lower  line  the  intra- 
pleural tracing.  The  horizontal  line  in  each  traces  the  line  of  barometric 
pressure.  In  both,  the  upstroke  traces  expiration  and  the  down  stroke  inspira- 
tion. The  time  marker  is  in  seconds  in  the  slow  drum,  and  in  one-fifth  second 
in  the  fast  drum.  During  the  time  the  tracing  was  made  the  abdominal  mus- 
cles were  firmly  contracted  during  expiration,  and  the  respiratory  exchange 
was  free  between  the  lungs  and  the  rubl)er  bag  containing  the  anesthetic. 

The  tambours  were  calibrated  against  a  water  manometer  directly  after  the 
experiment.  At  the  end  of  expiration  pressure  in  the  pleural  cavity  equaled  180 
mm.  of  water  and  in  the  trachea  160  mm.  During  inspiration  the  intrapleural 
pressure  attained  between  100  and  55  mm.  of  water  below  the  barometric 
line,  and  in  the  trachea  at  the  end  of  inspiration  the  pressure  was  never  less 
than  40  mm.  of  water  above  the  barometric  line. 
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The  question  might  be  raised  as  to  how  much  the  expiratory  recoil 
of  tlie  distorted  thorax  can  be  responsible  for  the  rise  in  pressure  in 
the  pleural  cavity.  For  it  may  be  thought  that  the  recoil  of  the  thorax 
against  the  lung  distended  by  intrapulmonic  pressure  may  be  responsible 
for  the  rise.  If  we  consider  the  physical  conditions  at  the  end  of 
expiration,  it  is  apparent  they  were  as  follows :  In  the  pleural  cavity 
there  was  a  pressure  of  180  mm.  produced  by  the  expiratory  muscles 
with  the  supposed  aid  from  thoracic  recoil,  and  in  addition  to  these 
factors  there  was  the  elastic  contraction  of  the  lung,  which  at  the  end 
of  expiration  balanced  a  column  of  water  40  mm.  high — in  all  repre- 
senting an  expulsion  pressure  of  220  mm.  These  forces  were  pitted 
against  an  intrapulmonic  pressure  at  the  end  of  expiration  equal  to 
160  mm.  of  water.    But  if  we  consider  for  a  moment,  we  shall  see  that 
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at  the  end  of  an  expiratory  phase  there  can  be  no  available  force  from 
recoil  of  the  thorax.  Instead  of  recoil  in  an  expiratory  direction,  there 
is  some  potential  recoil  in  an  inspiratory^  direction,  as  can  be  shown 
when  air  is  admitted  to  the  pleural  cavity  so  that  barometric  pressure 
is  produced.  Under  such  conditions  the  thorax  increases  in  volume. 
It  is  thus  apparent  that  the  180  mm.  of  pressure  registered  in  the 
pleural  cavity  at  the  end  of  expiration  was  due  wholly  to  action  of  the 
expiratorv  muscles.  This  experiment  confirms  the  interpretation  of  the 
intercostal  source  for  the  intrapleural  pressure  shown  in  the  preceding 
tracings  of  Figure  7.  It  also  furnishes  another  bit  of  evidence  to  show 
that  inspiratory  and  expiratory  forces  are  equally  provided  for  all  the 
boundaries  of  the  lungs — a  conception  that  is  very  important  for  the 
interpretation  of  clinical  signs  pertaining  to  respiratory  excursions  of 
the  thorax. 

All  of  the  foregoing  observations  are  in  direct  conflict  with  two 
points  of  view  which  seem  to  be  generally  accepted  by  physiologists. 
The  prevailing  physiologic  belief  is  that  widening  and  narrowing  of 
the  intercostal  spaces  are  purposes  for  employment  of  the  intercostal 
muscles.  It  is  very  obvious  from  the  foregoing  observations  that  if  all 
of  the  external  intercostal  muscles  are  synchronously  activated  during 
inspiration,  their  purpose  cannot  be  to  widen  all  the  intercostal  spaces, 
for  if  the  breadth  of  the  intercostal  spaces  is  modified  at  all  during 
inspiratory  excursion,  the  upper  interspaces  are  narrowed  and  the  lower 
widened,  and  during  expiration  the  reverse  of  this  is  true.  So  that 
obviously,  if  all  the  internal  intercostal  muscles  are  synchronously 
activated  during  expiration,  they  cannot  serve  the  same  purpose  in  all 
the  intercostal  spaces  if  the  modification  of  the  breadth  of  the  spaces 
is  the  purpose  of  their  contraction.  The  chief  function  assigned  to  the 
intercostal  muscles  by  physiologists  is  the  fixation  of  the  sides  of  the 
thorax  to  furnish  rigidity  to  the  intercostal  spaces.  But  it  was  observed 
in  our  patient  who  had  paralysis  of  all  the  intercostal  muscles  that  he 
did  not  in  any  degree  suflfer  from  a  want  of  resistance  to  atmospheric 
pressure  in  the  intercostal  spaces.  The  parietal  pleura  amply  serves 
such  a  purpose.  He  did  suffer  distinctly  from  an  impairment  of  his 
vital  capacity,  but  the  greatest  disability  he  suffered  was  the  great  loss 
of  the  intercostal  muscles  for  forcibly  constricting  and  expanding  the 
thorax.  If  this  man  were  to  suffer  an  attack  of  bronchiolar  hypertonus 
sufficiently  severe  to  demand  an  active  expiratory  effort  as  well  as  a 
vigorous  inspiratory  efifort,  he  would  probably  succumb  to  suffocation. 
It  does  not  seem  possible  that  he  would  be  able  to  employ  sufficient 
effort  in  inspiration  and  expiration  to  escape  such  a  fate  in  view  of  the 
violent  effort  at  expansion  and  constriction  of  the  thorax  which  is 
employed  by  persons  with  normal  musculature  in  attacks  of  bronchiolar 
hypertonus. 
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MOVEMENTS    OF    THE    FIRST    RIB    AND    STERNUM 

This  patient  \Yith  paralysis  of  the  intercostal  muscles  had  an 
excursion  of  the  sternum  and  first  pair  of  ribs  that  is  of  interest  in 
relation  to  the  normal  function  of  the  scaleni  and  first  pair  of  inter- 
costal muscles.  By  the  use  of  the  scaleni  alone,  he  could  increase  the 
circumference  of  the  thorax  three-fourths  of  an  inch  at  the  third  and 
sixth  intercostal  spaces.  The  increase  in  circumference  below  the  sub- 
costal angle  was  due  wholly  to  protrusion  of  the  upper  abdomen  from 
descent  of  the  diaphragm.  Because  of  the  anchorage  of  the  manubrium 
and  first  pair  of  ribs  by  the  scaleni,  these  structures  are  stationary  in 
a  normal  person  with  quiet  breathing.  They  move  cephalad  only  in- 
forced  inspiration,  but  in  the  patient  with  paralyzed  intercostal  muscles 
the  manubrium  and  first  rib  moved  cephalad  during  quiet  breathing, 
because  the  normal  opposition  of  the  first  intercostal  muscles  to  the 
scaleni  was  wanting.  The  balance  between  the  pull  of  the  scaleni  and 
the  first  intercostal  muscles  indicates  an  isometric  contraction  of  the 
scaleni.  The  scaleni  are  activated  during  quiet  inspiration,  as  indicated 
by  the  cephalad  movement  of  the  manubrium  and  first  rib  in  quiet 
respiration  in  the  case  of  our  patient  with  paralysis  of  the  intercostal 
muscles,  but  in  a  normal  person  the  origin  and  insertion  of  the  scaleni: 
are  not  approximated  during  activation  in  tranquil  breathing,  but 
without  their  activation  the  manubrium  and  ribs  to  which  they  are 
attached  are  moved  in  an  expiratory  direction  during  the  inspiratory 
phase.  When  the  scaleni  are  paralyzed,  the  manubrium  and  first,  second 
and  third  ribs  move  caudad  on  inspiration.  The  fourth  rib  is  stationary,, 
but  below  that  there  is  an  exaggerated  movement  in  a  normal  direc- 
tion. A  discussion  of  this  subject  will  be  found  in  a  previous 
publication.^ 

Studies  of  the  movements  of  the  first  rib  and  all  those  below  show 
that  in  quiet  breathing  the  first  rib  is  not  elevated ;  below  the  second 
rib  there  is  no  demonstrable  variation  in  the  breadth  of  the  intercostal 
spaces ;  and  isometric  contraction  prevails  in  the  scaleni  and  all  the- 
external  intercostals.  Shortening  of  any  of  these  muscles  is  not  an 
essential  to  their  employment.  They  may  all  be  vigorously  employed 
without  being  shortened,  and  whether  they  are  shortened  or  not  will 
depend  on  the  fixation  of  the  muscle  at  one  point  of  insertion.  As 
mentioned,  in  the  patient  who  had  paralysis  of  his  intercostaF 
muscles  the  first  rib  and  manubrium  moved  cephalad  during  tranquil 
respiration  because  of  want  of  fixation  of  the  first  rib  by  normally 
acting  intercostal  muscles,  and  in  the  child  who  had  paralysis  of  the 
scaleni   there   was   distinct   narrowing  of   the   upper  three   intercostal 
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spaces,  attended  with  caudad  movement  of  the  upper  three  ribs  when 
their  intercostal  muscles  were  activated  during  inspiration.  This  caudad 
or  expiratory  movement  during  the  inspiratory  phase  was  due  to  want 
of  fixation  of  the  upper  three  ribs  by  normally  acting  scaleni. 

Because  of  the  normal  anchorage  of  the  manubrium  and  first  pair 
of  ribs  by  the  scaleni  during  inspiration,  the  distance  between  two 
points — namely,  on  the  second  rib  in  the  midclavicular  and  on  the 
tenth  in  the  midaxillary  line — is  unchanged  in  thoracic  excursion  within 
the  range  from  apnea  to  maximum  inspiration,  but  normally  in  tranquil 
breathing  the  distance  between  points  on  the  middle  of  the  clavicle  and 
on  the  tenth  rib  in  the  axillary  line  is  diminished.  In  our  patient,  on 
the  left  side  where  all  the  intercostals  were  paralyzed,  the  distance 
between  the  clavicle  and  the  tenth  rib  and  between  the  second  and 
tenth  ribs  remained  the  same  during  quiet  and  forced  breathing. 

Under  normal  conditions  the  sternum  in  inspiration  is  rotated 
anteriorly  on  a  transverse  axis  located  at  the  upper  border  of  the 
manubrium.  The  ventral  elevation  of  the  anterior  parts  of  the  second 
to  the  fifth  ribs,  inclusive,  carries  forward  those  parts  of  the  sternum 
to  which  these  ribs  are  attached,  but  in  our  patient  the  lower  end  of 
the  sternum  was  retracted  vertebrad  with  inspiration,  because,  as  the 
costal  borders  were  drawn  toward  the  median  line  by  inspiratory  trac- 
tion of  the  diaphragm,  the  normally  acting  subcardial  diaphragm  drew 
the  sternum  vertebrad.  In  inspiration  the  lower  end  of  the  sternum 
is  also  retracted  when  the  subcardial  diaphragm  is  flattened  sufficiently 
to  give  it  the  mastery  over  the  intercostals.  This  occurs  in  enlargements 
of  the  heart  or  the  pericardial  sac. 

FUNCTIONS     OF     THE     INTERCOSTAL     MUSCLES 

In  the  beginning  of  this  discussion,  a  few  brief  references  were 
made  to  the  history  of  the  study  of  costal  movements  and  the  functions 
of  the  intercostal  muscles,  and  the  statement  was  then  made  that 
Martin  and  Hart  well,  in  1879,  published  the  only  piece  of  work  that 
has  thus  far  given  any  experimental  support  to  the  theory  that  the 
external  intercostals  had  purely  inspiratory  and  the  internal  purely 
expiratory  functions.  The  sources  of  the  difficulty  lie  in  the  facts  that 
physiologists  cramped  their  minds  into  believing  that  all  the  intercostal  ^ 

spaces  were  widened  during  inspiration  as  an  essential  part  of  lung 
enlargement;  but  when  the  intercostal  spaces  are  studied  on  an  animal 
with  an  intact  thorax,  it  is  found  that  the  spaces  remain  unchanged  in 
a  normal  respiratory  cycle,  and  in  exaggerated  inspiration  the  upper 
spaces  narrow  and  the  lower  widen.  If  the  muscles  connecting  any 
two  ribs  are  activated  by  an  electric  current,  the  ribs  are  approximated 
when  both  external  and  internal  muscles  or  only  one  of  them  is  intact. 

Under  the  discussion  of  costal  movements  it  w^as  shown  how  unde^ 
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normal  conditions  the  intercostal  spaces  must  all,  with  the  exception 
of  the  first,  retain  a  constant  breadth  in  a  respiratory  excursion  ranging 
between  the  position  of  apnea  and  that  of  maximum  inspiration.  But 
it  will  also  be  remembered  that,  when  the  scaleni  are  paralyzed,  the 
first  three  intercostal  spaces  are  much  narrowed  during  inspiration, 
the  first  three  ribs  move  in  a  caudad  direction  and  the  fourth  rib 
remains  stationary,  while  the  remaining  eight  ribs  move  in  a  norma! 
direction. 

In  this  relation  there  is  another  observation  of  importance  that 
was  made  on  the  patient  who  had  all  but  the  lower  four  right  inter- 
costal muscles  paralyzed.  When  the  patient  was  seated  and  the 
examiner,  standing  behind  him,  placed  a  palpating  finger  of  each  hand 
in  the  tenth  intercostal  space  of  either  side  in  the  posterior  axillary 
lines,  there  was  a  very  perceptible  difference  between  the  intercostal 
spaces  of  the  two  sides  if  the  patient  made  a  maximum  inspiratory 
efifort.  On  the  right  side  the  tenth  and  eleventh  ribs  moved  in  a  normal 
manner  and  the  breadth  of  the  intercostal  space  was  unchanged,  but 
on  the  left  side,  where  all  the  intercostals  were  paralyzed,  there  was 
a  perceptible  widening  of  the  intercostal  space  and  the  intercostal  struc- 
tures were  retracted  and  drawn  taut  as  the  strong  inspiratory  effort 
was  made.  The  patient's  scaleni  were  normal ;  so  when  by  their 
maximal  activation  the  upper  thorax  was  drawn  upward,  the  traction 
applied  to  the  upper  two  ribs  by  the  scaleni  served  to  elongate  the 
thoracic  wall  of  the  entire  left  side  by  a  very  slight  but  perceptible 
widening  of  the  intercostal  spaces. 

When  in  a  seated  position  this  patient  made  a  strong  inspiratory 
effort,  the  circumference  of  his  thorax  at  the  third  and  sixth  inter- 
spaces increased  three-fourths  of  an  inch,  although  all  the  intercostal 
muscles  of  both  sides  in  these  parts  were  paralyzed.  This  increase  in 
circumference  was  due  entirely  to  the  scaleni,  which  by  their  attach- 
ments to  the  first  and  second  ribs  not  only  drew  these  ribs  upward 
but  exerted  a  cephalad  traction  on  all  the  ribs  below  by  means  of  the 
connections  through  the  parietal  pleura,  which  is  capable  of  very  slight 
extensibility.  The  increase  in  circumference  of  the  upper  three  quarters 
of  the  thorax  was  accomplished  by  the  action  of  the  scaleni  only,  and 
as  already  shown  it  would  be  impossible  to  elevate  the  ribs  in  their 
parallel  relation  without  narrowing  the  intercostal  spaces  or  retaining 
a  constant  breadth  between  them.  The  very  limited  extensibility  of  the 
parietal  pleura  allows  only  a  slightly  perceptible  broadening  of  the 
spaces.  It  will  be  remembered  that  in  this  patient  all  the  intercostal 
muscles  of  the  left  side  and  all  but  the  lower  four  on  the  right  were 
paralyzed.  When  a  tape,  fixed  on  the  third  rib  in  the  left  midclavicular 
line,  was  drawn  taut  to  the  tenth  ril>  in  the  left  midaxillary  line, 
the   distance   between    these   two   points    was    very   slightly    increased 
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by  a  maximum  inspiration.  When  during  a  forced  inspiration  the 
upper  end  of  the  tape  was  fixed  on  the  middle  of  the  clavicle,  the 
distance  between  the  clavicle  and  the  point  on  the  tenth  rib  showed  about 
the  same  increase.  On  the  right  side,  where  the  lower  four  intercostals 
only  were  active,  when  symmetrical  measurements  were  made  in  the 
same  manner,  the  distance  from  the  third  to  the  tenth  rib  in  inspiration 
was  found  to  be  shortened  by  a  distance  equal  to  the  breadth  of  one 
interspace,  and  the  distance  from  the  clavicle  to  the  tenth  rib  was 
diminished  as  in  normal  persons. 

When  the  lower  intercostal  spaces  of  the  right  side  were  examined, 
the  eighth  intercostal  space  was  found  to  be  narrower  than  that  immedi- 
ately above  and  below.  This  was  due  to  paralysis  of  the  seventh 
intercostal  muscle  and  the  downward  traction  of  the  eighth  rib  by  the 
intact  muscles  of  the  eighth  interspace.  During  inspiration  the  ninth 
rib  moved  with  vigor  in  a  normal  direction,  but  its  excursion  was 
perceptibly  less  than  that  of  the  tenth,  eleventh  and  twelfth.  After  a 
little  practice  in  palpating  ribs,  the  examiner  will  readily  distinguish 
between  the  movement  of  a  rib  that  passively  yields  to  the  traction  of 
its  intercostal  attachments  and  a  movement  that  is  conferred  on  it  by 
action  of  its  attached  intercostal  muscle. 

The  effect  of  paralysis  of  an  external  intercostal  muscle  on  the 
breadth  of  its  interspace  is  shown  by  a  very  simple  experiment.  The 
ribs  and  intercostal  muscles  are  exposed  in  the  middle  part  of  one 
side  of  a  dog's  thorax  and  the  external  intercostal  muscle  of  the 
eighth  interspace  severed  in  its  middle  for  its  entire  extent.  During 
tranquil  respiration  the  eighth  space  is  then  seen  to  widen  during 
inspiration  by  an  upward  movement  of  the  eighth  and  a  lesser  down- 
ward movement  of  the  ninth  rib. 

It  is  quite  clear,  then,  that  action  of  the  intercostal  muscles  either 
narrows  or  preserves  the  upper  intercostal  spaces  unchanged,  and  the 
only  interspaces  that  are  widened  by  inspiration  are  those  spaces 
between  the  lower  chondral  cartilages  as  they  form  angles  with  their 
respective  ribs  to  pass  cephalad  toward  their  junction  with  the  sternum. 
It  now  remains  to  be  shown  how  the  external  and  internal  intercostal 
muscles  are  brought  into  requisition  by  different  kinds  of  respiratory 
movements. 

A  normal  person  can  aspirate  a  column  of  mercury  90  mm.,  and 
blow  a  column  100  mm.  high.  Aspiration  is  done  by  the  diaphragm, 
intercostals  and  scaleni ;  compression  of  the  lungs,  by  the  abdominal 
muscles  and  the  intercostals.  \\'hen  the  intercostals  were  paralyzed,  a 
man  who  normally  should  be  able  to  blow  a  column  of  mercury  100 
mm.  was  able  with  powerful  abdominal  muscles  to  blow  a  column  only 
50  mm.  high,  and  aspirate  by  his  diaphragm  and  scaleni  a  column  only 
46  mm.    These  results  proved  that  in  a  normal  person  the  share  of  the 
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intercostal  muscles  in  forced  inspiration  is  equal  to  that  in  forced  expira- 
tion; and,  therefore,  in  the  act  of  compression,  all  the  intercostal  muscles 
are  employed  both  in  depressing  and  in  elevating  the  ribs  if  the  maximum 
inspiratory  and  maximum  expiratory  efforts  are  made.  So  if  approxi- 
mation of  the  ribs  by  intercostal  action  is  to  be  observed,  it  is  advisable 
to  study  the  movements  of  an  adjoining  pair  of  ribs  when  they  are  cut 
away  from  their  costal  attachments  above  and  below  and  freely  respond 
to  activation  of  the  muscles  connecting  them.  By  severing  the  con- 
necting external  muscle  in  one  instance  and  the  internal  in  another, 
we  are  able  to  see  under  what  respiratory  conditions  both  the  external 
and  internal  muscles  are  brought  into  action.  However,  if  the  threshold 
of  employment  for  the  internal  intercostals  only  is  to  be  studied,  the 
thorax  can  be  left  intact  and  the  external  intercostals  severed  for  their 
entire  extent  in  two  neighboring  intercostal  spaces.  The  dog  is  then 
made  to  rebreath  an  atmosphere  with  a  high  carbon  dioxid  content  to 
mduce  hyperpnea,  and  by  applying  compression  to  the  tube  connecting 
the  bag  with  the  tracheal  cannula,  the  behavior  of  these  muscles  can  be 
brought  out  when  great  effort  in  expansion  and  compression  of  the  lungs 
is  employed. 

The  results  obtained  by  animal  experiment  in  the  study  of  inter- 
costal muscle  employment  vary  with  the  anesthetic  and  the  depth  of 
anesthesia,  and  also  with  the  stage  of  exhaustion  of  the  respiratory 
innervation.  The  intercostal  muscular  response  also  varies  with  the 
amount  of  tidal  air  demanded  by  the  respiratory  need  and  with  the 
resistance  to  inspiration  and  to  expiration.  To  get  the  best  results  the 
respiratory  threshold  should  be  raised  as  little  as  possible  by  the  use 
of  anesthesia.  The  less  the  respiratory  threshold  is  raised  the  greater 
is  the  alertness  and  vigor  in  the  respiratory  efforts  that  follow  when 
the  animal  breathes  a  high  concentration  of  carbon  dioxid  or  is  made 
to  work  against  resistance  to  the  entrance  and  exit  of  air. 

THRESHOLDS    FOR    EMPLOYMENT    OF    THE    EXTERNAL    AND 
INTERNAL     INTERCOSTALS 

Experiments  were  made  to  gain  information  about  the  thresholds  of 
employment  for  the  two  sets  of  interco.stal  muscles  in  inspiration  and 
expiration. 

Experiment  7. — After  the  ribs  and  intercostal  muscfes  have  lieen  exposed 
over  one  side  of  a  dog's  thorax,  the  external  intercostal  muscle  in  the  eighth 
interspace  is  severed  in  the  middle  intercostal  line  from  its  anterior  border  to 
the  vertebra.  Then,  while  the  animal  is  tranquilly  breathing  room  air,  the 
space  between  the  two  ribs,  united  only  by  the  internal  intercostal  muscle, 
widens  with  inspiration,  while  the  spaces  above  and  below  remain  constant. 
However,  there  is  thus  far  no  evidence  of  activation  of  the  exposed  internal 
intercostal  muscles.  The  tracheal  cannula  is  then  connected  with  a  bag  con- 
taining 75  per  cent,  oxygen  and  25  per  cent,  carbon  dioxid.  With  the  ensuing 
hyperpnea   the   dog    is    compelled   to   speed   up   his    res])iratory   and   expiratory 
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phases,  and  the  tidal  air  is  greatly  increased,  so  that  the  expiratory  excursion 
of  the  thorax  exceeds  that  of  the  position  of  apnea.  The  exposed  internal 
intercostal  muscle  is  then  seen  to  contract  vigorously  during  expiration  as  the 
thorax  is  circumferentially  constricted.  But  thus  far  there  is  no  evidence  of 
activation  of  the  internal  intercostal  muscle  during  inspiration.  Apparently 
the  external  intercostal  muscles  are  still  adequate  to  move  the  ribs  into  their 
position  of  maximum  inspiration  so  long  as  there  is  no  resistance  to  the 
entrance  of  air,  but  when  the  tube  connecting  the  bag  and  the  dog's  tracheal 
cannula  is  narrowed  so  that  a  great  inspiratory  effort  is  demanded  in  the 
presence  of  hyperpnea,  the  exposed  internal  intercostal  muscle  is  brought  into 
action  to  aid  the  inspiratory  effort.  With  the  intact  thorax  this  action  cannot 
be  shown  by  any  other  sign  than  that  the  two  ribs  which  are  connected  by 
only  their  internal  intercostal  muscle  are  no  longer  separated  during  the 
inspiratory  effort  as  they  were  in  tranquil  inspiration. 

This  indicates  that  the  threshold  for  expiratory  employment  of  the 
internal  intercostal  muscle  is  lower  than  that  for  its  inspiratory  employ- 
ment. We  must  consider  too  that,  although  the  internal  muscle  was 
brought  into  service  with  expiration  before  the  tube  connecting  the 
trachea  and  bag  was  narrowed,  the  abdominal  muscles  had  not  yet 
been  actively  contracted  during  expiration,  and  thus  far  it  has  not 
been  proved  that  the  external  intercostal  muscles  are  ever  employed 
in  expiration. 

To  investigate  the  question  of  the  expiratory  use  of  external  inter- 
costals,  another  dog  experiment  was  conducted  in  the  following  manner : 

Experiment  8. — After  a  preliminary  dose  of  V-i  grain  morphin,  under  ether 
anesthesia  the  ribs  and  intercostals  of  the  lower  right  thorax  were  exposed. 
The  sixth  and  eighth  intercostal  spaces  were  cut  through  for  their  entire 
extent  and  artificial  respiration  employed.  The  seventh  and  eighth  ribs  were 
then  cut  at  their  costochondral  junctions  and  the  internal  intercostal  muscle  was 
severed  through  its  midline  for  its  entire  extent,  so  that  the  two  ribs  were 
united  by  the  external  intercostal  only.  The  two  remaining  parts  of  the  ribs 
were  held  in  their  normal  position  with  the  connecting  external  intercostal 
muscle  slightly  taut.  Artificial  respiration  was  then  suspended,  and.  as  active 
respiratory  movements  by  the  dog  were  begun  in  response  to  suffocation,  there 
was  at  first  no  evidence  of  expiratory  activation  of  the  isolated  external 
intercostal  muscle,  but  as  the  vigor  of  the  respiratory  efforts  was  increased 
and  the  abdominal  muscles  were  strongly  activated  in  expiration,  as  shown  by 
the  forceful  upward  displacement  of  the  vault  of  the  diaphragm  and  firm 
expiratory  contractions  of  the  abdominal  muscles,  the  external  intercostal 
muscle,  which  alone  united  the  two  isolated  ribs,  contracted  very  actively  and 
approximated  the  ribs.  When  the  abdominal  muscles  were  not  activated  in 
expiration,  the  isolated  external  intercostal  did   not  contract. 

This  experiment  was  repeated  several  times  and  indicates  a  synergic 
employment  of  the  abdominal  muscles  and  external  intercostals  in  a 
forced  expiratory  effort. 

Experiment  9,  when  taken  alone,  would  confirm  the  observations 
of  Alartin  and  Hartwell,  and  without  further  observations  would  con- 
firm the  Bamberger  theory  that  the  external  intercostals  have  a  purely 
inspiratory  and  the  internals  a  purely  expiratory  function. 
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Experiment  9. — After  the  usual  preparatory  procedures,  the  sixth  and  ninth 
intercostal  spaces  were  cut  through  their  entire  extent,  and  the  seventh,  eighth 
and  ninth  ribs  were  cut  at  their  costochondral  junctions.  In  the  seventh  inter- 
space the  internal  intercostal  muscle  was  severed  midway  between  the  ribs  for 
its  entire  extent,  and  the  same  was  done  for  the  external  intercostal  muscle 
in  the  eighth  interspace.  We  then  had  the  seventh  and  eighth  ribs  united 
only  by  the  external  intercostal,  and  the  eighth  and  ninth  by  the  internal 
intercostal.  Artificial  respiration  was  suspended  and  the  arches  of  the  seventh 
and  ninth  ribs  w-ere  held  by  the  hands  in  their  normal  anatomical  position  on 
the  vertebrae.  Slight  traction  was  employed  to  keep  the  remaining  intercostal 
muscles  slightly  taut.  Then  in  inspiration,  as  suffocation  induced  active 
respiratory  movements,  the  eighth  rib  was  drawn  upward  by  the  external  inter- 
costal muscle,  which  alone  united  it  to  the  rib  above,  and  during  expiration 
the  eighth  rib  w-as  actively  drawn  toward  the  ninth  rib,  to  which  it  was  united 
by  the  internal  intercostal  only. 

This  procedure  was  repeated  many  times,  until  the  respiratory  func- 
tion was  greatly  exhausted,  and  then  the  expiratory  contraction  of  the 
internal  intercostal  ceased  when  the  inspiratory  action  of  the  external 
intercostal  was  still  quite  active.  During  the  experiment,  however,  at  no 
time  in  expiration  were  the  abdominal  muscles  contracted,  and,  there- 
fore, there  was  no  expiratory  action  of  the  external  intercostals ;  and 
furthermore,  we  could  not  excite  the  internal  intercostals  to  an  inspir- 
atory effort  by  offering  any  resistance  to  inspiration,  as  was  done  in  the 
first  experiment  when  the  animal  was  breathing  75  per  cent,  oxygen 
and  25  per  cent,  carbon  dioxid  with  a  closed  thorax  and  against  a 
strong  resistance  to  the  entrance  of  air  into  the  lungs. 

These  experiments  show  that  the  external  intercostals  under  all 
respiratory  conditions  are  activated  during  inspiration,  and  that  in 
tranquil  respiration  none  of  the  intercostal  muscles  are  employed  in 
passive  expiration.  During  active  expiration  the  internal  intercostals 
are  brought  into  action  when  the  abdominal  muscles  are  not  yet  needed, 
but  when  active  expiration  enlists  the  aid  of  the  abdominal  muscles, 
the  external  intercostals  are  synergically  activated  with  them. 

With  an  open  thorax  the  conditions  forbid  the  employment  of 
measures  that  will  exceed  the  threshold  for  the  inspiratory  use  of  the 
internal  intercostals,  but  so  far  as  could  be  determined  with  a  closed 
thorax,  the  internal  intercostals  were  brought  into  service  when  the 
animal  was  made  to  inspire  against  a  high  resistance  in  the  presence  of 
great  hyperpnea  induced  by  rebreathing  an  atmosphere  consisting  of 
75  per  cent,  oxygen  and  25  per  cent,  carbon  dioxid.  When  we  consider, 
however,  that  a  normal  person  can  by  the  use  of  his  scaleni,  intercostals 
and  diaphragm  aspirate  a  column  of  mercury  90  mm.  high,  and  that  by 
use  of  his  abdominal  muscles  and  intercostals  the  air  in  the  lungs  can 
be  compressed  to  balance  a  column  of  mercury  only  10  mm.  higher, 
there  is  good  inferential  evidence  to  prove  that  in  a  forced  inspiratory 
effort  both  sets  of  intercostals  are  employed,  for  we  know  that  both 
external   and   internal  intercostal   muscles  are   employed  in  efforts  at 
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pulmonary  compression  when  the  abdominal  muscles  are  for  this 
purpose  brought  into  use.  It  must  also  be  remembered  that  the  man 
who  had  all  but  the  lower  right  four  intercostals  paralyzed  was  able 
to  raise  the  pressure  in  his  lungs  to  a  height  of  50  mm.  of  mercury  by 
use  of  his  abdominal  muscles,  and  should  have  raised  it  to  100  mm. 
had  his  intercostal  muscles  been  normal.  By  use  of  his  scaleni  and  his 
diaphragm,  he  was  able  to  aspirate  a  column  of  mercury  46  mm.  high. 
As  we  know  that  the  loss  in  power  for  constricting  the  thorax  was 
due  to  paralysis  of  both  external  and  internal  intercostal  muscles,  there 
is  good  reason  to  believe  that  the  loss  of  aspirating  power  was  not  due 
to  paralysis  of  his  external  intercostals  alone,  as  we  should  have  to 
believe  if  the  internal  intercostals  are  regarded  as  having  a  purely 
expiratory  function. 

The  foregoing  clinical  and  experimental  observations  show  that  the 
muscular  boundaries  of  the  lung — viz.,  the  intercostal  muscles  and 
diaphragm — with  the  aid  of  the  scaleni  and  abdominal  muscles,  supply 
a  uniformly  distributed  power  and  capacity  for  expansion  and  com- 
pression over  the  entire  lung  surface,  and  also  that  the  power  available 
for  expansion  is  about  equal  to  that  for  compression.  The  synergic 
use  of  all  these  muscles  provides  the  lung  with  a  motor  organism  that 
is  like  what  the  heart  would  have  if  it  were  endowed  with  equal 
diastolic  and  systolic  powers. 

The  power  for  circumferential  compression  and  expansion  of  the 
lung  is  equal  to  the  available  power  for  longitudinal  compression  and 
elongation.  It  is  clearly  proved  that  both  external  and  internal  inter- 
costals are  employed  to  obtain  the  maximum  circumferential  com- 
pression, and  the  corollary  from  this  demonstration  is  that  both 
external  and  internal  intercostals  are  employed  to  obtain  the  maximum 
circumferential  expansile  force.  The  maximum  expansile  capacity  can 
be  obtained  without  the  use  of  the  internal  intercostals  if  there  is  no 
resistance  to  the  entrance  of  air,  but  when  the  maximum  expansile 
force  is  required,  the  internal  intercostals  are  brought  into  use.  Further- 
more, these  clinical  and  experimental  observations  show  that  the  motor 
agencies  for  the  ribs  are  directed  wholly  toward  modifying  the  circum- 
ference of  the  thorax,  and  that  any  changes  in  the  breadth  of  intercostal 
spaces  are  merely  incidental  to  intercostal  muscular  action  and  not  the 
purpose  of  it. 

INTEGRATION    OF    THORACIC    MUSCLES 

The  foregoing  discussion  shows  the  external  and  internal  muscles 
to  be  employed  during  both  inspiration  and  expiration,  but  how  they 
can  equally  serve  both  is  not  yet  apparent.  The  intercostals  alone 
cannot  be  responsible  for  the  smooth  and  orderly  manner  in  which  the 
purposeful  excursions  of  the  ribs  are  displayed  during  the  entire  cycle 
of  forced  breathing.     Thus  far  the  only  demonstrated  intrinsic  effect 


HOO\-ER—[\TERCOSTAL    MUSCLES  31 

of  intercostal  action  is  to  narrow  all  the  intercostal  spaces.  1  f  this 
action  during  both  inspiration  and  expiration  were  not  modified  by  the 
actions  of  other  muscles,  the  results  during  both  phases  of  respiration 
would  be  a  disorderly  and  fruitless  procedure  that  would  contribute 
nothing  to  either  expansion  or  compression  of  the  lungs.  Which 
muscles  serve  to  integrate  the  intercostal  muscles  for  an  inspiratory 
effort  and  which  convert  their  action  into  an  integrated  expiratory 
effort,  are  questions  that  demand  an  answer. 

The  inspiratory  excursion  of  the  upper  thorax  of  our  patient  with 
intercostal  paralysis  was  a  lifeless,  passive  movement,  like  the  expansion 
of  the  thorax  of  a  cadaver  when  the  sternum  is  pulled  cephalad.  The 
expansion  below  the  level  of  the  subcostal  angle  was  due  largely  to  the 
inspiratory  descent  of  the  diaphragm.  On  the  left  side,  where  all  the 
intercostals  were  paralyzed,  all  the  ribs  moved  slightly  cephalad  in 
response  to  action  of  the  scaleni  which  drew  the  first  and  second  ribs 
in  a  cephalad  direction,  and  all  the  ribs  below  passively  followed  as  a 
result  from  traction  on  the  broad  sheet  of  parietal  pleura,  which  is 
firmly  united  to  the  ribs  at  all  the  costal  spaces.  On  the  right  side,  the 
same  kind  of  movement  was  apparent  as  far  down  as  to  the  ninth  rib, 
but  the  last  four  ribs  moved  in  a  normal  manner  because  of  the  anchor- 
age from  above  that  was  transmitted  along  the  parietal  pleura  by  the 
normally  acting  scaleni. 

The  want  of  integration  of  the  upper  three  intercostal  muscles  with 
the  inspiratory  act  is  clearly  demonstrated  when  the  scaleni  are 
paralyzed.  These  intercostal  muscles  are  activated  with  all  the  others 
during  inspiration,  but  instead  of  inspiratory  inflation  there  is  deflation 
of  the  underlying  lungs.  This  is  so  pronounced  that  the  consequent 
rebreathing  between  the  upper  and  lower  lungs  demands  an  exaggerated 
excursion  of  the  lower  to  compensate  for  the  defective  excursion  of  the 
upper  thorax.  This  phenomenon  was  so  pronounced  in  the  child 
referred  to  above  that  it  led  to  calling  medical  counsel.  In  this  child 
the  manubrium  and  upper  three  ribs  moved  strongly  caudad  during 
expiration.  The  fourth  rib  was  stationary  during  the  whole  respiratory 
cycle,  while  from  the  fifth  rib  downward  there  was  an  exaggeration 
of  the  normal  excursion. 

When  in  the  dog  the  attachments  of  the  scaleni  to  the  upper  three 
ribs  were  cut,  the  same  costal  movement  as  seen  in  the  child  was  repro- 
duced, but  with  the  ribs  exposed  a  more  satisfactory  inspection  could 
be  made.  The  upper  three  ribs  not  only  moved  in  an  expiratory  direc- 
tion during  inspiration,  but  there  was  a  want  of  integration  in  their 
excursions.  They  moved  in  a  disorderly  manner.  The  first  rib  moved 
caudad  and  so  did  the  second,  but  the  first  intercostal  space  was 
narrowed.  The  second  intercostal  space  was  obliterated  by  the  upper 
border  of  the  third  rib,  which  overrode  the  lower  border  of  the  second. 
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The  third  interspace  was  also  narrowed.  In  this  relation  one  must 
recall  the  fact  that  in  orderl}'  forced  expiration  all  these  intercostal 
spaces  are  widened  as  the  ribs  move  caudad.  and  in  the  inspiration  of 
quiet  breathing  these  upper  three  spaces  are  unchanged  in  width.  When 
the  upper  end  of  the  manubrium  was  anchored  by  grasping  it  with 
forceps  and  holding  it  in  the  position  it  took  at  the  end  of  expiration, 
then  the  upper  four  ribs  moved  in  their  normally  integrated  manner. 
It  has  been  shown  in  Experiments  5  and  6  that,  when  the  diaphragm 
is  paralyzed  and  all  the  attachments  of  the  abdominal  muscles  to  the 
thorax  are  severed,  it  is  still  capable  of  great  inspiratory  and  expiratory 
excursions ;  the  tidal  air  is  comparatively  large,  and  the  intrinsic  muscles 
of  the  thorax  cause  marked  compression  of  the  lungs. 

In  these  experiments  the  iliocostal  muscles  were  cut  between  the 
ileum  and  last  rib.  The  only  integrators  that  under  such  experimental 
conditions  could  order  the  inspiratory  and  expiratory  effect  of  the 
intercostals  were  the  scaleni,  the  serrati  postici,  superior  and  inferior, 
and  the  triangularis  sterni.  As  already  shown,  the  fimction  of  the 
scaleni  during  quiet  respiration  is  essential  for  the  orderly  action  of 
the  upper  three  intercostal  muscles,  although  in  such  breathing  the 
upper  border  of  the  manubrium  and  first  rib  are  stationary.  Without 
the  anchorage  of  the  scaleni,  by  their  isometric  activation  the  upper 
three  ribs  move  in  an  expiratory  direction  during  the  inspiratory  phase 
and  the  upper  parts  of  the  lungs  are  deflated.  To  determine  if  the 
serratus  posticus  inferior  may  not  serve  the  same  purpose  for  the 
lower  thorax  during  forced  expiration  that  tlie  scaleni  serve  for  the 
upper.  Experiment  10  was  performed. 

Experiment  10. — A  dog  was  anesthetized  with  nitrous  oxid  and  a  cannula 
put  in  the  trachea,  through  which  the  anesthetic  was  afterward  continued. 
The  same  apparatus  was  used  as  described  in  the  preceding  experiment.  The 
dog  was  turned  on  his  right  side  and  the  muscles  over  the  lower  right  side  of 
the  thorax  exposed.  The  latissimus  dorsi  was  cut  and  the  erector  spinae 
exposed.  Along  the  course  of  each  of  the  last  four  ribs  an  incision  was  made 
down  to  the  surface  of  the  rib.  from  beneath  the  lateral  border  of  the  erector 
spinae,  well  beyond  the  lateral  extensions  of  the  serratus  posticus  inferior.  By 
this  means  the  function  of  the  latter  muscle  was  eliminated,  but  the  inter- 
costal muscles  were  preserved.  The  linea  alba  was  then  cut  from  the  diaphragm 
to  the  pubis,  and  a  transverse  incision  on  both  sides  eliminated  all  the 
abdominal  muscles  and  the  iliocostals  in  expiration.  The  triangularis  sterni 
was  still  intact,  but  it  could  not  play  any  part  in  the  expiratory  excursion  of 
the  last  four  ribs.  The  conditions  of  the  two  sides  of  the  thorax  were  the  same, 
with  the  exception  that  on  the  right  the  serratus  posticus  inferior  was  elimi- 
nated and  on  the  left  it  was  intact.  The  last  four  ribs  could  be  palpated  on 
both  sides  through  the-  intervening  diaphragm,  which  was  relaxed  during 
expiration.  By  placing  alternately  the  four  finger  tips  of  either  hand  on  the 
inner  surfaces  of  the  last  four  ribs  of  the  right  and  left  sides,  a  decided  dif- 
ference could  be  detected  in  the  manner  of  their  expiratory  excursions.  On 
the  right  side,  where  the  serratus  posticus  inferior  was  wanting,  the  last  four 
ribs  were  approximated  during  expiration,  much  in  the  same  manner  as  the 
four  fingers   are  drawn   together  by   the   interossei.     On  the   left   side   the   last 
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rib  and  the  three  above  it  were  drawn  forcibly  in  an  expiratory  direction,  and 
the  approximation  of  the  ribs  during  expiration  was  much  less  than  on  the 
right  side.  The  disordered  movement  of  the  lower  right  ribs  in  active  expira- 
tion was  analogous  to  the  disorderly  movement  of  the  upper  ribs  during 
inspiration  when  the  scaleni  were  eliminated.  In  the  middle  and  upper  parts 
of  the  thorax  it  is  not  possible  with  the  thorax  intact  to  produce  an  isolated 
function  of  the  intercostal  muscles  during  expiration  on  account  of  the  tri- 
angularis sterni,  which  in  the  dog  is  a  strong  muscle  that  is  a  continuation  of 
the  transverse  abdominis. 

To  conclude  the  experiment,  the  diaphragm  was  freely  opened  and  artificial 
respiration  was  continued  a  short  time  by  compressing  the  oxygen  bag  that 
was  put  in  communication  with  the  tracheal  cannula.  By  inserting  the  hand  in 
the  thorax  the  triangularis  sterni  could  be  felt  to  contract  strongly  during 
expiration.  The  sternal  ends  of  the  ribs  and  the  costal  cartilages  were  by  its 
action  vigorously  drawn  in  an  expiratory  direction,  but  during  inspiration  the 
muscle  was  relaxed.  While  the  thorax  was  intact,  the  last  four  ribs  on  both 
sides  moved  cephalad   in   inspiration  and  the   intercostal   spaces   were  widened. 

With  these  experiments  it  seems  clear  how  the  integrative  actions 
of  the  intercostals  during  inspiration  are  made  to  serve  akernalely  for 
inflation  and  deflation  of  the  lungs.  During  inspiration  the  scaleni 
and  serrati  postici,  superior,  supply  the  necessary  cephalad  anchorage 
for  the  entire  length  of  the  thorax ;  and  in  active  expiration  when  the 
abdominal  nutscles  are  eliminated,  the  caudad  anchorage  for  the  bottom 
ribs  is  supplied  by  the  serratus  posticus  inferior,  and  the  caudad  traction 
for  the  entire  cuirass  is  supplied  by  the  triangularis  sterni.  Until  the 
triangularis  sterni  and  those  parts  of  the  ribs  to  which  it  is  attached 
were  palpated  during  active  expiratory  eftorts,  the  important  function 
played  by  this  sheet  of  muscle  was  greatly  underestimated. 

By  these  studies  the  conviction  is  gained  that,  in  the  orderly,  inte- 
grated function  of  the  scaleni  and  the  intrinsic  muscles  of  the  thorax, 
we  have  a  well  ordered  action  that  suggests  the  progress  of  a  peristaltic 
wave,  such  as  prevails  along  the  gullet,  where  the  action  remains  the 
same  but  the  result  is  deglutition  or  vomiting  as  the  gradient  is  caudad 
or  cephalad.  In  the  case  of  the  intercostal  muscles,  their  action  is  the 
same  in  inspiration  and  expiration,  just  as  Vesalius  said  nearly  four 
hundred  years  ago,  but  they  aid  expansion  or  constriction  of  the  thorax 
according  to  the  gradient,  which  is  determined  for  inspiration  by  syn- 
chronous activation  of 'the  scaleni  and  serratus  posticus  superior  and 
for  expiration  by  the  serratus  posticus  inferior,  triangularis  sterni,  and 
abdominal  muscles. 

By  this  statement  it  is  not  intended  to  convey  the  idea  that  succes- 
sion in  the  action  of  the  intercostal  muscles  has  been  proved.  In  fact, 
my  own  experiments  directed  toward  investigation  of  this  question  have 
thus  far  indicated  that  in  inspiration  all  the  intercostals  are  synchron- 
ouslv  activated. 
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WITH     ESPECIAL     REFERENCE     TO     THE     EFFECT     OF     POSTURE  * 
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CLEVELAND 

For  controlling  a  contemplated  experimental  research  on  orthopnea 
we  found  it  necessary  to  establish  some  standards  for  normal  vital 
capacity  in  healthy  persons  in  both  the  sitting  and  the  lying  position.  In 
the  literature  many  observations  were  found  on  the  vital  capacity  under 
almost  every  other  conceivable  experimental  condition,  but  although 
the  statment  is  frequently  made  that  a  normal  person  can  breathe  more 
when  sitting  erect  than  when  recumbent,  we  discovered  no  attempt  to 
estimate  the  percental  differences  due  to  posture.  Experimental  inves- 
tigation doubtless  began  with  the  work  of  John  Hutchinson/  who 
gives  data  to  show  that  the  vital  capacity  is  smaller  in  the  supine 
position  than  in  the  erect.  A  few  observations  were  made  by  us  on 
individuals  about  the  laboratory,  and  the  results  were  found  to  vary 
considerably;  that  is,  some  could  after  a  maximum  inspiration  expire 
as  much  lying  as  sitting,  a  few  could  expire  more,  and  the  majority 
were  not  able  to  do  nearly  so  well  lying  as  sitting.  As  these  observa- 
tions seemed  to  refute  partially  at  least  the  idea  that  the  vital  capacity 
is  always  smaller  in  the  lying  position,  it  was  decided  to  check  the  whole 
subject  on  a  large  series  of  normal  people. 

The  investigation,  entered  into  along  the  lines  just  described, 
widened  into  an  inquiry  as  to  the  best  basis  for  comparison  in  the 
estimation  of  vital  capacity.  Our  data  show  very  clearly  that  body 
surface,  as  determined  by  the  linear  formula  of'Du  Bois,  is  a  far  more 
accurate  and  constant  index  of  comparison  than  is  height  or  weight,  or 
certain  measurements  of  the  volume  of  the  chest  as  recently  advocated 
bv  Lundsgaard  and  \'an  Slvke.-     Our  data  also  seem  to  bear  out  the  " 

physiological  fact,  well  established  by  Stewart  ^  and  others,  that  in 
animals  the  weight  of  the  lungs  bears  a  very  definite  and  constant  ratio 
to  the  skin  surface. 


*  From  the  Department  of   Medicine  of  the  Western  Reserve   University  at 
Lakeside   Hospital. 
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We  were  able  to  make  observations  on  290  norniiil  people — 144 
women  and  146  men.  The  women  were  all  healthy  nurses,  who  bad 
had  a  recent  physical  examination,  and  whose  ages  varied  from  20 
to  30  years.  The  men  were  practically  all  medical  students,  also  ranging 
in  age  from  20  to  30  years ;  they  had  had  a  recent  physical  examination, 
and  we  were  sure  that  they  were  normal.  We  were  working  with  an 
intelligent  lot,  and  we  feel  certain  that  the  end  result  was  the  maximum 
effort  in  each  case.  When  there  was  any  doubt  in  our  minds  as  to 
the  accuracy  of  any  determination,  it  was  not  included  in  our  totals. 

TABLE  1. — Males:    Grouped  According  to  Weight  in  Kilogr.\ms 

Vital  Capacity  Difference  Be-  No.  not  Falling 

Weiglit  in  Number     , * ,  tween  Sitting  Percentage  Within  +  or  — 

Kilos  Studied  Sitting,  C.c.      Lying.  C.c.  and  Lying,  Co.  Difference  lOTo  of  Average 

55  to  65                  49  4,272  4,0lT                      255                     5.9                           13 

65  to  75                 61  4,661  4,440                    221                    4.V                         17 

75  to  85                 26  4,974  4,674                    300                    6.0                           5 

85  to  95                 10  5,379  5,109                    270                    5.0                           V 

Total 146  Average  difference 5.5  42  or  28% 


TABLE  2. — ]\L\LEs:    Grouped  According  to  Height  in  Centimeters 


Vital  Capacity  Difference  Be-  No.  not  Falling 

Heiglit  in  Number    , -^ — ->  tween  Sitting  Percentage  Within  4-  or  — 

Centimeters  Studied  Sitting,  C.c.     Lying,  C.c.  and  Lying,  C.c.  Difference  10%  of  Average 

150  to  160  2  3,721                   3,590                    131                    3.5  0 

\m  to  170  37  4,197                  3,963                    234                    5.6  11 

170  to  180  82  4,641                  4,411                    230                    4.9  21 

180  to  190  25  5,366                   5,070                    296                    5.5  8 

Total 146             .Average  difference 4.9  40  or  27% 


TABLE  3. — Males  :    Grouped  According  to  Body  Surface 


Vital  Capacity            Difference  Be-  No.  not  Falling 

Body  Surface     Number  , * ^  tween  Sitting  Percentage  Within  +  or  — 

in  Sq.  Meters      Studied  Sitting,  C.c.     Lying,  C.c.  and  Lying,  C.c.  Difference  10%  of  Average 

1.6  to  1.7                15                   4,008                  3,808                    20O                    5.0  6 

1.7  to  1.8                46                   4,303                   4,102                    201                    4.6  3 

1.8  to  1.9  46  4,609  4,363  246  5.3  6 
i.>Jto2.0  27  5,150  4,858  292  5.6  5 
2.0  to  2.1                12                   5,565                   5,250                    315                    5.7  3 

Total 146            Average  difference 5.2  23  or  16% 


METHOD     OF     STUDY 

With  an  ordinary  spirometer  three  estimations  were  made  on  each 
individual  in  the  sitting  position  and  three  in  the  lying  position.  The 
largest  amount  which  an  individual  expired  sitting  or  lying,  out  of 
three  attempts  made  in  each  position,  was  the  figure  which  we  used  in 
computing  our  totals.  All  of  the  subjects  were  dressed  in  ordinary 
clothing,  and  no  deductions  were  made  in  recording  weights  and  there 
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was  nothing  taken  from  the  height  because  of  shoes.  It  is  quite 
probable  that  some  of  the  estimations  in  the  case  of  the  nurses  were 
influenced  by  the  fact  that  corsets  were  not  removed. 

Differences  Due  to  Posture. — It  will  be  seen  from  the  tables  that, 
when  the  vital  capacities  of  all  these  290  normal  persons  are  averaged, 
there  is  for  all  groups  approximately  5.5  per  cent,  less  vital  capacity 
in  the  recumbent  position  than  in  the  upright.  Some  few  breathed 
somewhat  better  lying;  and  some  were  able  to  expire  about  as  much 
lying  as  sitting ;  but  it  is  certain  that  about  80  per  cent,  of  people  breathe 
somewhere  near  6.5  or  7  per  cent,  less  in  a  reclining  position,  and  the 
remaining  20  per  cent,  breathe  either  more  or  about  the  same. 

TABLE  4. — Females  :    Grouped  According  to  Weight  in  Kilograms 

Vital  Capacity  Difference  Be-  No.  not  Falling 

Weight  in  Number  . *- — -^  tween  Sitting  Percentage  Within  —  or  — 

Kilos  Studied  Sitting,  C.c.     Lying,  C.e.  and  Lying,  C.c.  Difference  10%  of  Average 

45  to  55  48                  2.908                   2,729                    179                    6.1                          17 

55  to  65  68                  3.146                  2.945                    201                    6.3                          20 

65  to  75  21                   3,132                  2.923                    209                    6.6                           9 

75  to  85  7                   3,356                  2,871                    485                  14.4                           2 

Total 144  Average  difference 8.3  48  or  33% 


TABLE  5. — Females:  Grouped  According  to  Height  in  Centimeters 


Height  in 
Centimeters 

Number 
Studied 

Vital  C 

apacity 

Difference  Be- 
tween Sitting  Percentage 
and  Lying,  C.c.  Difference 

No.  not  Falling 
Within  -  or  — 
10%  of  Average 

Sitting,  C.c 

Lying,  C.c. 

150  to  160 
160  to  170 
170  to  180 

29 
98 
17 

2,945 
3,066 
3,506 

2,714 
2,884 
3,256 

131                   4.4 
182                   5.9 
250                    6.9 

9 

26 

"otal 

144 

Average  difference 

5.4 

42  or  29% 

TABLE  6. — Females:    Grouped  According  to  Body  Surfack 

Vital  Capacity             Difference  Be-  No.  not  Falling 

Body  Surface     Number    , * ^  tween  Sitting  Percentage  Within  -i-  or  — 

in  Sq.  Meters      Studied      Sitting,  C.c.     Lying,  C.c.  and  Lying,  C.c.  Difference  10%  of  Average 

1.4  to  1.5               11                   2,688                   2,520                    168                    6.2  3 

1.5  to  1.6               45                  2,939                  2,S04                    135                    4.6  7 

1.6  to  1.7               54                   3,106                   2,926                    172                    5.5  9 

1.7  to  1.8               21                  3.246                  3.046                    200                    6.1  6 
l.S  to  1.9               15                  3,400                  3,148                    252                    7.4  1 

Total 144            Average  difference 5.9  26  or  18% 


We  attempted  to  discover  whether  difterences  in  types  of  chest 
would  account  for  these  variations  between  lying  and  sitting,  but  the 
only  thing  which  seemed  to  point  to  some  different  response  was  in 
the  case  of  women  of  the  rather  obese  type.  The  obese  women  some- 
times breathed  as  much  as  20  per  cent,  less  lying  than  sitting.  This 
is  quite  noticeable  in  Table  4,  in  which  it  will  be  seen  that  females 
weighing  from  73  to  85  kilos  averriged  14.4  per  cent,  less  in  the  lying 
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position.  We  had  no  men  in  our  series  who  were  comparable  to  these 
females.  Except  for  this  disparity  between  the  sitting  and  the  lying 
position  of  fleshy  females,  it  was  foimd  that,  when  vital  capacity  was 
taken  in  the  two  positions,  all  types  of  chest  seemed  to  respond  to  the 
experimental  conditions  in  much  the  same  fashion. 

Comparison  zvitli  Height  and  Weight. — As  to  whether  weight  or 
height  is  the  better  index  of  comparison  for  the  vital  capacity  was 
debated  by  John  Hutchinson  prior  to  1846.  He  made  observations  on 
the  vital  capacity  of  2,130  persons,  all  of  whom  were  normal  except 
sixty.  These  observations  were  made  on  people  from  all  walks  of  life. 
It  was  his  opinion  that  comparison  of  the  vital  capacity  with  the  height 
of  the  individual  was  the  most  satisfactory  method.  However, 
Hutchinson  as  well  as  subsequent  observers  noted  that  the  vital  capacity 
in  people  of  the  same  height  varied  tremendously,  although  it  was 
noted  by  all  that  it  was  much  more  constant  when  com])ared  with  the 
height  than  with  the  weight. 

Our  data  readily  bear  out  the  contention  of  John  Hutchinson  and 
subsequent  workers  that  vital  capacities  of  persons  of  the  same  weight 
vary  widely  (Tables  2  and  5).  In  the  females  there  were  33  per  cent, 
who  did  not  fall  within  plus  or  minus  10  per  cent,  of  the  average  when 
compared  by  weight,  and  there  were  28  per  cent,  of  the  males  who 
varied  rather  widely  from  their  average.  Our  figures  also  agree  with 
those  of  John  Hutchinson  in  showing  that  a  comparison  of  the  vital 
capacity  wath  the  height  is  more  accurate  than  with  the  weight. 
However.  27  per  cent,  of  the  females  and  28  per  cent,  of  the  males 
when  so  compared  missed  the  average  by  more  than  plus  or  minus  10 
per  cent.  This  error  is  more  apparent  than  real,  when  comparison 
is  made  with  height,  for  in  those  who  missed  the  average  of  their 
respective  groups,  the  variations  were  not  great,  while  in  the  comparison 
by  weight,  many  missed  their  group  by  hopeless  differences. 

Comparison  with  Chest  M easier ements.—'Rtctn\\y  Lundsgaard  and 
Van  Slyke  have  contended  that  chests  measured  according  to  certain 
formulas  and  found  to  agree  in  size  would  more  nearly  have  the  same 
vital  capacity  than  would  the  chest  of  persons  of  the  same  height. 
However,  Peabody  *  has  denied  this  contention  of  Lundsgaard  and  Van 
Slyke.  Peabody's  investigations  show  that  persons  of  the  same  height 
have  more  nearly  the  same  vital  capacity. 

Comparison  with  Body  Surface.— Om  data  clearly  demonstrate 
that  it  is  not  height  or  weight  or  chest  measurements  but  body  surface 
that  is  by  far  the  most  constant  and  exact  standard  for  comparison. 
Dreyer  ^  recently  published  data  which  seem  to  support  this  contention. 


4.  Peabodv.  F.  W. :   Oxford  Med.  1:399. 

5.  Drever.'C:  Lancet  2:227,  1919. 
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but  the  number  of  obser\ations  which  he  made  is  small.  The  data 
which  West  ^  accumulated  on  a  comparison  of  vital  capacity  in  normal 
individuals  with  the  body  surface  agrees  quite  closely  with  our  figures. 
In  our  observations  (Tables  3  and  6)  it  will  be  seen  that  when  the 
comparison  is  made  with  the  body  surface  as  estimated  by  the  "linear 
formula"  of  Du  Bois,  only  18  per  cent,  of  the  females  and  16  per  cent, 
of  the  males  missed  the  average  for  their  respective  group  by  plus  or 
minus  10  per  cent.  Furthermore,  there  were  scarcely  any  of  either  the 
women  or  the  men  who  missed  by  more  than  15  per  cent.  In  addition 
it  should  be  noted  that  most  of  those  who  did  miss  their  respective 
group  were  the  extremes  in  body  surface — that  is,  those  who  had  the 
smallest  or  those  who  had  the  greatest.  For  if  we  take  the  group  of 
females  whose  body  surface  is  from  1.5  to  1.7  square  meters,  which 
represents  the  size  of  approximately  80  per  cent,  of  the  women  in  our 
series,  then  we  find  that  only  16  per  cent,  missed  their  respective 
group  averages  by  plus  or  minus  10  ])er  cent.  In  the  case  of  the  males, 
it  will  be  seen  that  approximately  two  thirds  fall  in  the  two  groups 
w^hose  body  surface  is  from  1.7  to  1.8  and  from  1.8  to  1.9  square 
meters,  and  there  were  slightly  fewer  than  10  per  cent,  of  these  who 
missed  their  average  by  more  than  plus  or  minus  10  per  cent. 

The  males  in  this  group  seemed  to  be  distinctly  more  constant  in 
the  grouping  of  their  vital  capacity  by  body  surface  than  were  the 
females.  This  may  be  in  part  due  to  the  fact  that  the  females  were 
not  required  to  remove  their  corsets. 

It  will  be  seen  from  Tables  3  and  6  that  in  the  case  of  females  the 
vital  capacity  goes  up  about  175  c.c.  with  each  increase  of  0.1  square 
meter  in  body  surface,  while  in  the  case  of  males  the  vital  capacity 
advances  about  350  c.c.  for  each  gain  of  0.1  square  meter.  Therefore, 
to  get  the  normal  total  vital  capacity  of  a  woman  of  the  age  included 
in  our  group,  it  is  only  necessary  to  remember  that  a  body  surface  of 
from  1.4  to  1.5  square  meters  indicates  a  vital  capacity  of  2,700  c.c, 
and  that  for  each  increase  in  body  surface  of  0.1  square  meter,  175  c.c. 
must  be  added.  In  the  case  of  a  male,  with  a  body  surface  of  from 
1.6  to  1.7,  the  average  vital  capacity  is  4,000  c.c.  For  each  increase 
in  body  surface  of  0.1  square  meter,  add  350  c.c,  which  will  give  the 
approximate  average  for  each  group. 

Then,  from  our  series  the  advantage  of  reckoning  the  vital  capacity 
from  the  body  surface  is  apparent.  There  are,  perhaps,  few 
clinical  methods  of  precision  which  do  not  have  a  greater  range  of 
error  than  plus  or  minus  15  per  cent.  After  all.  for  comparative 
purposes  one  wants  the  lower  range  of  normal ;  and  while  16  per 
cent,    of    the   males    and    18   per    cent,    of    the    females    missed   their 


6.  West.  Howard  F. :  Arch.  Int.  Med.  25:306    (March)    1920. 
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respective  average,  only  about  half  of  those  who  missed  the  average 
of  their  respective  group  were  below,  and  these  are  after  all  the  only 
miportant  ones  to  consider.  So  that,  in  reality,  for  comparison 
purposes  only  8  per  cent,  of  males  and  9  per  cent,  of  females  missed 
their  respective  grouping  by  body  surface  by  more  than  minus  10 
per  cent. 

CONCLUSIONS 

1.  After  computing  the  averages  of  all  estimations  on  290  normal 
men  and  women,  we  found  that  there  was  5.5  per  cent,  less  vital 
capacity  in  the  lying  than  in  the  sitting  position. 

2.  We  noted  also  that  about  80  per  cent,  of  all  inid\iduals  breathed 
6  or  7  per  cent,  less  when  lying,  and  that  20  per  cent,  breathed  about 
the  same  or  more.  We  noted  no  dilTerence  in  chest  conformation  to 
account  for  these  variations.  The  only  thing  we  did  note  which 
seemed  to  point  to  a  different  response  from  certain  types  of  chest 
was  in  the  case  of  obese  women.  In  every  instance  the  fleshv  female 
breathed  about  15  per  cent,  less  lying  than  sitting. 

3.  According  to  our  o]xser^•ations,  individuals  of  the  same  sex 
and  body  weight  have  very  great  differences  in  their  vital  cai)acity ; 
individuals  of  the  same  sex  and  height  liave  more  nearly  the  same 
vital  capacity;  wliile  individuals  of  tlie  same  sex  and  body  surface 
are  surprisingly  alike  in  their  vital  capacity.  It  was  found  that  only 
about  8  per  cent,  of  all  males  and  about  9  per  cent,  of  all  females, 
when  grouped  according  to  body  surface,  missed  their  respective  group 
average  by  more  than  minus  10  per  cent. 

4.  From  our  totals  we  may  conclude  that  a  female  from  20  to  30 
years  of  age,  with  a  body  surface  of  from  1.4  to  1.5  square  meters, 
has  a  vital  capacity  of  2,700  c.c,  and  for  each  gain  of  0.1  square  meter 
in  body  surface  the  vital  capacity  goes  up  about  175  c.c.  A  male  from 
20  to  30  years  of  age,  with  a  body  surface  of  from  1.6  to  1.7  square 
meters,  has  a  vital  capacity  of  about  4,000  c.c,  and  with  each  gain  of 
0.1  square  meter  the  vital  capacity  goes  up  350  c.c.  From  these  data 
we  can  conclude  that  a  normal  male  between  the  ages  of  20  and  30 
has  a  vital  capacity  of  2.5  liters  per  square  meter  of  body  surface, 
and  that  a  normal  female  between  20  and  30  has  a  vital  capacity  of  2 
liters  per  sqtiare  meter  of  body  surface. 


THE     CAPILLARY     BLOOD     PRESSURE     IN     ARTERIAL. 
HYPERTENSION  * 

ERXST     P.     BOAS.     ^I.D..     and     SAMUEL     FRAXT,     M.D. 

NEW      YOKK 

Although  the  anatomy  and  physiology  of  the  capillaries  have  heen 
of  interest  to  physiologists  for  many  years  and  have  been  the  subject 
of  many  investigations,  their  importance  in  the  dynamics  of  the  normal 
circulation  and  in  the  study  of  pathologic  states  is  just  beginning  to 
be  appreciated.  The  studies  of  Krogh  ^  and  Richards  -  on  the  response 
of  the  capillaries  to  the  functional  needs  of  the  tissues;  those  of  Dale  ^ 
and  Cannon*  on  the  importance  of  the  capillary  mechanism  in  shock; 
the  researches  of  Weiss  ''  and  his  co-workers  on  the  morphology  of 
the  capillaries  and  the  character  of  the  capillary  flow  in  disease ;  and  the 
studies  of  Kylin  ^  and  Danzer  and  Hooker  '  on  the  capillary  blood 
pressure  have  within  the  last  few  years  pointed  out  how  essential  a 
knowledge  of  the  capillary  function  is  to  the  clinician  in  his  study  of 
disease.  The  concept  that  the  cardiovascular  system  is  primarily  adapted 
to  maintain  the  blood  flow  in  the  capillaries,  where  the  exchange  of 
gases,  food  elements  and  waste  between  the  tissues  and  the  blood  takes 
place,  is  a  very  fundamental  one  and  one  that  cannot  be  overemphasized. 
It  must  further  be  recalled  that  the  capillaries  themselves  play  an  active 
part  in  the  maintenance  of  an  adequate  blood  supply  to  the  tissues, 
that  they  exhibit  contractility  and  dilatability  in  response  to  nervous 
and  metabolic  stimuli  and  so  assist  in  regulating  the  blood  flow  according 
to  the  needs  of  the  tissues.^ 


*  From  the  Medical  Division  of  the  Montefiore  Hospital  for  Chronic  Diseases. 
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In  this  study  we  have  Ijeen  particularly  interested  in  the  rcMe  which 
the  capillaries  play  in  the  maintenance  of  the  peripheral  resistance  to 
the  blood  stream,  and  consequently  in  the  etiology  of  hypertensive  states. 
The  problem  of  hypertension  and  its  relationship  to  kidney  disease 
still  remains  unsolved  in  spite  of  innumerable  searching  studies  that 
have  been  made.  Opinion  has  veered  from  the  extreme  view  that 
hypertension  is  always  a  result  of  kidney  disease  to  the  opposite  extreme 
that  all  kidney  disease  is  secondary  to  hypertension.  Both  schools  still 
have  their  advocates.  From  the  maze  of  facts  and  theories  that  have 
surrounded  the  subject,  one  thesis  may  be  granted  as  established— 
that  the  syndrome  of  hyperpiesia  or  essential  hypertension  may  exist 
without  any  evidence  of  nephritis.  Whether  "nephritic  hypertension" 
is  a  late  stage  of  this  or  quite  a  different  syndrome  is  unknown. 
Blood  pressure  studies  have  been  singularly  unilluminating  in  clearing 
up  the  matter.  We  have  learned  to  appreciate  that  brachial  blood 
pressure  readings  are  very  variable  and  that  in  many  instances  they 
depend  on  the  degree  of  contraction  of  the  arterioles.  That  the  capil- 
laries themselves  may  be  concerned  in  the  maintenance  of  this  pressure 
was  first  brought  out  forcibly  by  Dale  and  Cannon,  who  showed  that 
a  paralytic  dilatation  of  the  capillaries  may  cause  a  great  fall  in  blood 
pressure,  even  when  the  arterioles  are  contracted.  The  reverse  side  of 
the  picture,  namely,  that  the  capillaries  may  themselves  be  a  factor  in 
the  maintenance  of  high  arterial  pressures,  is  suggested  by  some  of 
the  studies  of  Kylin  and  of  Weiss. 

Kylin,*^  using  an  instrument  something  like  Danzer  and  Hooker's, 
has  made  some  very  interesting  observations  on  the  capillary  blood 
pressure  in  hypertension  and  nephritis.  His  observations  are  open  to 
question  because  he  used  the  cessation  of  the  capillary  blood  flow  as 
the  criterion  by  which  he  measured  the  capillary  pressure  and  also 
because  his  figures  for  normal  readings  are  uniformly  low — about  10 
mm.  Hg.'  In  glomerular  nephritis  he  found  the  capillary  pressure 
abnormally  high  in  100  cases  investigated,  but  in  benign  nephrosclerosis 
with  hypertension  it  was  always  normal.  He  studied  twenty  scarlet 
fever  convalescents  daily  and  found  in  some  a  marked  increase  in  capil- 
lary pressure.  In  three  of  these  patients  a  typical  glomerular  nephritis 
developed  with  albumin,  casts  and  red  cells  in  the  urine  a  few  days 
after  the  capillary  pressure  had  risen.  The  nephritis  set  in  when  the 
capillary  pressure  had  reached  about  23  mm.  of  mercury.  The  highest 
capillary  pressure  obtained  ranged  from  40  to  55  mm.  of  mercury.  In 
a  more  recent  article,^  written  in  English,  he  summarizes  the  results  of 


9.  Kylin,   E. :    Brief   Notes   on   I^ypertonia   an  1    Kidney   Disease,   Acta   Med. 
Scandin.  55:368,  1921. 
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his  studies  as  follows:  There  are  two  types  of  hypertension.  The 
nephrosclerotic  hypertension  is  an  arterial,  the  glomerulonephritic,  a 
capillary  hypertension.  In  the  first  form  the  brachial  blood  pressure 
is  much  more  labile  than  in  the  latter.  The  hypertension  is  not  the 
result  of  the  kidney  disease,  but  the  glomerulonephritis  is  a  manifesta- 
tion of  a  diffuse  capillary  injury  caused  by  the  toxins  of  certain  acute 
infectious  diseases.  Some  of  \\'eiss'^*'  observations  seem  to  confirm 
these  views.  He  noted  an  increase  in  the  number  and  a  change  in  the 
appearance  of  the  capillaries  of  the  nail-bed  in  acute,  as  well  as  in 
chronic  nephritis.  They  were  longer  and  more  convoluted  than  normal. ^^ 
These  observations  were  confirmed  by  Thaller  and  Draga  ^-  but  dis- 
puted by  Schur.^^ 

\\'ith  these  studies  in  mind  we  studied  a  series  of  patients  with 
hypertension  in  the  wards  of  the  Montefiore  Hospital. 

We  employed  the  microcapillary  tonometer  described  bv  Danzer 
and  Hooker  '  for  our  determination  of  the  capillary  blood  pressure. 
It  is  the  most  satisfactory  instrument  that  has  been  devised  for  this 
purpose.  In  principle  it  resembles  the  instrument  which  Roy  and 
Brown  ^^  devised  in  their  studies  on  the  capillaries  of  the  frog. 
Lombard's  ^^  observation  that  the  human  capillaries  could  be  visualized 
by  observing  the  skin  through  a  microscope  after  a  drop  of  oil  or 
glycerin  had  been  applied  to  it  was  the  next  step  in  the  development 
of  the  technic.  Kraus  ^^  followed  this  lead  and  studied  the  pressure 
of  human  capillaries,  using  a  magnification  of  10  diameters.  It 
remained  for  Danzer  and  Hooker  to  develop  a  practical,  convenient 
technic,  and  to  introduce  the  principle  that  the  cessation  of  the  blood 
flow  in  the  capillaries,  rather  than  the  disappearance  of  the  capillaries 
marks  the  proper  pressure  at  which  the  reading  should  be  taken. ^' 
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We' followed  the  method  of  Danzer  and  Hooker,  as  outlined  in  their 
article.  All  readings  were  taken  with  the  hand  at  heart  level  and  the 
patient  in  a  sitting  posture,  at  a  room  temperature  of  20-25  C.  After 
the  first  few  observations,  we  did  not  scrub  the  skin  of  the  finger  before 
making  our  readings,  for  we  found  it  unnecessary  and  did  not  wish 
to  introduce  a  possible  complicating  factor.  Leonard  Hill  ^"^  has 
questioned  the  accuracy  of  this  method.  He  states  that  the  true  measure 
of  the  blood  pressure  in  the  capillaries  is  that  pressure  which,  when 
applied,  will  momentarily  check  the  flow  of  blood  in  the  capillaries,  and 
that  the  pressure  which  will  completely  check  the  flow  is  equal  to  the 
pressure  in  the  arterioles  which  supply  the  area  compressed,  because 
of  the  backing  up  of  pressure  in  the  occluded  vessel.  This  is  undoubt- 
edly true.  However,  we  have  followed  Danzer  and  Hooker's  procedure 
of  taking  the  reading  as  one  does  a  blood  pressure  reading,  i.  e.,  noting 
the  point  at  which  the  capillary  flow  returns  as  the  pressure  which  has 
stopped  the  flow  is  released.  With  the  drop  in  pressure,  the  blood  first 
flows  sluggishly  through  the  capillaries  but  suddenly  quickens  to  a 
rapid  stream.  This  we  have  taken  as  the  capillary  pressure,  and  to  this 
Hill's  objections  do  not  apply.  Hill's  second  objection  is  that  with 
this  method,  the  pressure  factor  dependent  on  the  resistance  of  the 
skin  to  compression  is  not  excluded.  As  a  matter  of  fact,  by  a  method 
of  his  own  he  obtains  very  low  readings  for  capillary  pressures,  from 
2  to  5  cm.  of  water.  Our  observations  seem  to  indicate  that  the 
resistance  of  the  tissues  does  not  appreciably  modify  the  reading.  W'e 
have  examined  many  patients  who  exhibited  marked  atrophy  of  the 
skin  in  the  area  studied,  as  well  as  many  whose  skin  w^as  normal  and 
others  with  quite  a  horny  epidermis.  The  readings  obtained  did  not 
vary  according  to  the  condition  of  the  skin.  Moreover  in  several 
patients  with  vasomotor  disorders  of  the  extremities  we  obtained  a 
normal  reading — about  20  mm.  mercury  on  one  day.  and  a  \ery  low 
reading — from  2  to  3  mm.  mercury  on  another  day.  The  latter 
reading  is  so  low  as  to  practically  exclude  the  resistance  of  the  skin 
as  a  factor. 

It  is  well  known  that  venous  stasis  will  induce  an  elevation  of  the 
capillary  pressure.  We  were  careful,  therefore,  to  exclude  this  factor 
in  the  cases  studied.  The  observations  detailed  in  the  following  table 
were  made  on  patients  whose  systolic  pressure  was  180  mm.  Hg.  or 
over,  selected  at  random  in  the  wards  of  the  Montefiore  Hospital.  For 
five  of  the  cases  we  are  indebted  to  the  courtesy  of  Dr.  H.  J-  Wiener, 
who  permitted  us  to  examine  them  in  his  Metabolism  Division  of  the 
Vanderbilt  Clinic. 


18.  Hill,  L. :  The  Capillary  Blood  Pressure.  J.  Physiol.  54:xxiv.  1920:  ibid. 
54:xciii,.  1921  ;  Hill,  L.,  and  McQueen,  J.  ;M.  :  The  Measurement  of  the  Capillary 
Blood  Pressure  in  Man,  Brit.  J.  Exper.  Path.  2:1,  1921. 


t/J  ^ 


u 


f 

iior- 
flne 
one 
tion 

^ 

a) 

□ 
c 

^-<  frri 

■SS  >. 

■O  3 

'c.  =^ 

a  !-  =  a:  2 

CC   ^ 

O  =  =  s-  O 

ZJ 

^^ 

C       =  'E  <c  ^ 

=  ■3 

F  ft 

"52  ft 

I^EgSa 

a  g  =3 
0 

>>s> 

!3  >- 

33  ^ 

ooeu-seoessioooosoo© 

scrocceoosoqqqosqoq 

©0  ©  ©  ©  ©©©© 

™  En 

SSM?S^SSgSsig3isSg5^g 

St-^I^OCOlCtC^c'l-XINXQO-wait-^lMtD 

i-ocJccciocCfHCO 

Aci 

C-J'M'MCO-W'-W-WCCNCCCCm-O'-VO-lC^MCO 

CC-9>i--t1-005ClK->»l-«i 

00          la              cc      u5 

Ml          la 

A       Pi 

o 

! 

CO                    © 
C3                      C-I 

g 

O    M 

r-t 

0              in 

■<*< 

s 

c3                     <N 

C^ 

- 

0  05 

Ort 

lA  -*  -*  10 

o 

O  rH  r- 

L-3  M 

X^^-  IC  c^ 

;;0 

■=1     =» 

i-H  CM  C^ 

-oi^S 

o  to  5=1 

^Sh 

•  i—l  I— 1  1— 1      • 

;2:<^ 

z< 

!^£i.Si£i< 

g^si 

a  1) 

:^ 

C   tH    s 

pS 

- 

c 

^oo 

G  -Shi 

* 

C  q 

©lO 

ei 

^i  :c 

©e4 

—  G„ 

ro 

05  M 

■wco 

MPS 

1^ 

- 

, 

a  m 

,^<  =  o 

oz; 

^'isis 

te 

^  =  i)  c  - 

O..S  §""  S« 

—   Ci   ^  *^ 

mm 

a    "M         0 

'5 

.2  03  ■«  58  •  -  > 

.5  0  M^  c  « 

—  o  r  c  0.5 

■E£g£-S= 

«  =  m  K  0  0  S 

c  s  r  s  ;^-o 

a  «^X!=C8 

a 

0 

0 

m 

lit; 

0  6 

0*  . 
0  « 

*w 

K  c  0, 

m  0  i^  £ 

O 

C"  o 

C       *I2 

0  ,, •"  -i 

a 

5 

b  a  o 

III 

lit 

0    ^  **    w 

sill 

a  t;  a— 
>•■■?, 

K=^- 

K 

K" 

a 

ta 

'2 

00 

© 

<5 

o 

0 

0 

!^ 

iS 

S 

S 

S 

^^ 

^ 

^ 

E 

6 

0 

^ 

~ 

< 

s 

OS 

z; 

- 

c 

00 

very 
yers, 
ight: 
aries 

S 

o 

3 

3 

bo 

8 

o 

1 

!-• 

=    ^  03  3 

B.t:  01 

^K  = 

"3 

A 

— 

=    sg 

^  ■'  c 

pillaries 
several 
uous. 
;ic),  cap 

o 

s 
o 

>>  — 

'ft 

as 

CJ 

S 

ft 
o 
_o 

a 

O 

o 

ft 
O 

>> 

—  'X 

.i-C3 
S  03  O 

vis 

_      u  on 

-• 

to 

a 

•o 

a 

M 

03 

.   53 

Left;      (■; 
long,  in 
not   tor 
(hemipk 

S   B 

>-.o. 

a 

te 
n 
o 
1^ 

.2 
« 

■ft 
O 

a 

a 
s: 

u 

0) 

C3 

> 

—  «      ft  a 
ft  o  3  a  > 
«ftoSi 

—  £  t- 

ftP 

S-.  o  t* 

j;  o  g 

cooooisooooesso 

s sqqqqo© 

cinousincsqioqindoooooiooooo 

c  oo  oo 

c;  c  ooo 

c;  o  00  r-J    ■    ■    ■ 

COOO  OiM 
CO  CO  CO  CO 

05  CO  O  t~  ■>!■  1-1 
■«■■*•*  CO  .-^  I- 

■^c^coc5coO"^^- 

^rii-iWOOOStO-W 

^^■wcotniocoweococo 

5!J5 

Oimojcsoot^iri 

cocococo-^mt!*-* 

£\=.®g5 

;^'48§jg 

CO 

•^         CO 

(M 

^0 

■*  lA  CO 

f 

Hi 

e^      ift 

^7          IT 

^,4 

k5 

Kl         « 

(^ 

« 

(^(^ 

^^ 

h^      1-1 

►i         HJPS 

o 
5? 

1 

CI 

in  COM 

TPrH 

_^ 

00^ 

COr-l-*- 

r.^L'j 

im'  eq  OS 

CO  i-i 

:" 

z 

<*. 

z 

< 

Z 

«d  t- 

^^i 

S.2S 

^    t-<    M 
&&0 

=6  „ 

£55 

&|3 

q 

c= 

q 

q 

p 

'-' 

5 

^ 

^_, 

i  sc 

■c 

•c 

•  -  CB 

^--<    OQ 

a  a, 

o  5  a  „ 

*-  S  2 

"m 

33  ^ 

2.2;=  " 

£  2 

£S 

<; 

ft"  S 

'<o 

t.1 

>^a 

"■5  m 

>  3 

II 

©■S  «  _ 

O        to 

83 

a; 

S3 

H  fta  s 
ft£-e  5 

S^^ 

£•3- 

bo 

0) 

3 

ft 

00 

c         hy 
It          1 
ened  toi 
Wasseri 

O 
O 

3 

.Q 

_o 

o 

03  a, 

03  a  tc 

S  ««iS^ 
SafiS 
a        " 

a~^  __ 

Ol 

T3     .  3 

(« 

., 

•o  g  c 

B'O-r 

artli 
rig 
thic 
sels; 

> 

03  cB  is 

.3 

S 

4-  a  o"n 

:3 

Bf 

£ 

g 

03  03  ? 

t:  «  o  ft 
£  s3-<! 

O 

O 

O 

a 

ypertension, 
hronic  nc- 
hritis,  arte- 
riosclerosis 

a  ,  i 

m  3  t- 
3  o'' 

>i.3x: 

O 

0) 

C3 

g 
ft 

M  a  3 
a  .   " 

3  t; 

03g 

x  3^ 

III 

a-ft 

a"ft 

^ 

jj^oft        - 

a" 

00 

i-t 

<M 

Ol 

irti 

CO 

lO 

CO 

Pn 

s 

P^ 

s 

^.^ 

J 

Q 

a 

h4 

^ 

Ph 

S 

s 

-' 

^ 

to 

cc 

< 


H 


01 

s 

o 

s 

3 
B 

5 

long,  looped, 
many  layers, 
ry        plexus; 
ulnr  areliitee- 
aining    at    0 
)us  end  thick 

increased, 
gilt        loops, 
lit      not     en- 
venous     ends 
engorged 
ly    elongated 
'd;    f'ligorged 
(Is 

gated    lortii- 
aries 

3 

■J  -■^     *^->?5E 

— 

s  It  a  >,  r  _: 

=          >G2^_2>.  ^          O 

aS 

•^  i.  ,o  t,  S  c 

—  C::Sc'-s  =  -=      « 

:3  S3 

=  c  i;«  K  4^  s  >,;:  o     a 

O 

o 

w                         >             i«5             OS 

&? 

I 

a  5 

oossoooooo© 

oo««ocooioci!S  =  o»isiooiftia 

*o*oo©oi^i-';iaiau5iao© 

•^  m 

(MCOC^CJC-l-VCICCWOa-v-WC-JCac^-^CCCO 

•^                            O                            IM                      ■*         (M 

m                   Tj.          iM          es 

h3                   -                   tA              <^      ^ 

I-!                   _1          uj          H^ 

o 

g 

s 

o 

O  o) 

2^ 

ITS  OOC  CO 

I— <  'O'  tri  ,„ 

o 

in  ci<N  i-i 

3>  CC.-(I^ 

3C(Mac 

>.o 

"*  ^ 

•    .    .Si 

■oi3S 

o'St. 

MSa 

Sii  ai 

a 

«SPO 

CsGOw 

»&!? 

.5^ 

1 

52  §« 


Pd 


>:Si    ""S    ®^ 

a  9  '*  S^ 

a     Zs  "  c  t- 

N  M  r  -^  a  M  a; 
■c  =s  s  "=  o  o  ^ 
>,  ^_  a 

■-'-  'S  '^  s  •=  S 


=;  >:  a 


o       ~—  e  a  O  oj 


>. 


^      ^      ~  fe 

.«    C;  «  *^    ?»i  i)   IS   DQ 


S-«la 

£  is  a  •-.  g 

3?  >  =  a  5  — 
u  a  J5  "^ 
t:  X  a  a  g 


■^5-^ 
=  5s^ 


I 


="  a  ~ 


=  ?,  ?■ 


■=  ^  =  =  = 
-  2  3  "•  J^ 


r  50? 


I  If  I 


h  o  is  £  S'    'E  M  5  ; 

=-   S  *^  CO  ft        ~   I-i  ^  ' 


~  2  a  "^  -i  .= 

IPIJ.= 


M- 


'oft 


C  .     >  ii  = 

o  S      c  - 


E-^-f' 


oooooOi--:o      oooqqoo 
ir:  1-^  I?:  ri  J:  1-^  1-^  r-^  ^  o  o  r^  iri  -^  cc  oj 


■j:  -j;  3  lo  ■♦  so 


oqoqq 


"  «  2. 
u  ^  s 


2    .feS 


T+1 


I  O  P  iJ  »' 
■a     Z.  ..> 

o      o      - 


"  £  S  |.2 

O    K*-    ft(B 


U 


O  ' 


r  .=  =  o  > 


—      ..  *^  n 


&  £  =  £  ~  .t: 
H£  S  a  >•  S 

Or  ^ 

—  7"  j^  J< 

t  a  5^  ■?  H  p  >.. 

Qi  -~  '^  O  o  ~   1. 


tso     ^— fSS  o~  P         "E 


,.  c^  Mil  g  g 


^  o  — 
£  o  3  mC 


E-I-5B 


■-::2^ 


B? 


III 

5^  .E  "S. 


u 


w 


« 


^■Sb^i: 

S 

i 

''^  3 

6 

M 

0 

S-5—  =J2 

:C 

** 

.S:S 

C 

> 

^  S  3  m  -J 

•-  0 

3 

C 

a 

H 

a  ;:  ■-  2  >> 

CO 

s  0 

„„    00 

'5. 

bi  a 

a 

5 

3 

■0 

0  0 

s»  0 
5=B 

0 
ft                    -sft 

0                             H  g 
_0                        a  0 

0                    o-_ 

«                           g  3 
>                          >"■ 

s>.o 

rt  ^ 

—  3 

..ooooocooooco 

®  - 

oooosoinodoiaiao 

eqoeoooooooesiooio 

H.SSS52;igg'SSg*S 

cj  13  «  la  .-■    ■    '  - 

rHl^ 

—■-.=■  ot-^rH(^iricoi-^eoi-<(Nc<3td;c  00 

Av 

■M  W  r-  r^  e- 

—         T-i         l-l  0^  <M  rH  i-c  eq  OJ  (N  rH  t-H  CO  (M 

2  'N          '-'5                      -J.  la  w 

M 

-«•      c 

C-l                            ■«< 

CO 

<N                                   ■* 

^^          ^                       ^;g!^ 

K 

^    ««            ►j 

^ 

J: 

1-i                                  »J 

'-' 

01 

?s 

in 
00 

0 

s 

0 

O   CQ 

00 

» 

2 

S   <U 

S 

ca 

S 

Wi- 

r^ 

Ah 

i>            5C  e 

•*o 

CO  .^(D 

u 

IftO               to  IN 

i3§i 

odcjco 

>.o 

CO  Csl 

»-H 

1— t 

0.2S 

:    ii 

Opt, 

1^ 

J    l=- 

u 

^^ 

< 

Osi 

■~-« 

a      0  a  « 

e^  a  a 

?   ?    0 

"  a 

M      1-  S  & 

1     <-<  0  if 

1^ 

i. 

tn» 

;^d5 

Kidney 
function 
(2  Hr.) 

0 

m 

'^ 

.^ 

^ 

S" 

!+   =5    K 

CO  + 

n 

^  1 

5 

2< 

Ms  =  S 

0  c 
M  C 

a  1 

:  0  to  0  •- , 

Ml 

-w 

a  ° 

^Islis' 

'17.-.:^ 

«      3^     ?!S 

0 

0 

^.  ■ 

:  g  2  =  a^ 

^=  5  s  ~  s  c 

r"  ' 

a  a  Mm  a.c? 

S 

s 

. 

=  . 

0  J 

_o  0^ 

'm  i 

0 

n 

-  ! 

i  ■£  ■^ 

cm 

■7^  ' 

:-x:  = 

■^'c'-^ 

a 

(5 

;  a  0 

« 

AD 

^ 

■«: 

• 

^ 

^ 

y. 

w 

^ 

^ 

^ 

tH 

-^■3 

(-^ 

^•-^ 

.s 

1^   = 

p^ 

6 

s 

^•9 

0 

a 

a 

^ 

U 

M 

^ 

1                                   s: 

long 
loops 

-   0)   > 

£;  tec 

1 

? 

c 

1  s  S 

1 

t 
c 

s 

a 

Si) 

.to 

•J. 

c 

c 
c 

c 

ll 

S                  ^ 

^ 

c 

4- 

5 

^ic-§ 

c 

s 

gg 

•0                     n 

£  "2 

.t  ti 

C 

& 

c 

c 

■-  ^E; 

?• 

a 
c 

c- 

i> 

0  " 

■?                    5 

-  c  ** 

u 

t>  >> 

~  0  _ 

IB  a 

0"  * 

'0 

i 

_o 

be 

s 

0 

s 

0 

i 

©©©lOCCOCxSOOCSOOOOCOOCiSC 

©c  » 

=  CO 

C^  if. 

© 

OOift  © 

E30igJ^OJCJr~OCc-itO'MCrt«>tC««i~  — 

0:^1^1- 

x^ 

t-  QOt~ 

*—  -^ 

rvi  «^ 

^ 

l-H 

i-i  CI  C-J  r-i 

M             ?:  c<5 

■a-                         in 

^ 

•:-!       O-I 

oco 

•«!*< 

r^l            hJC^ 

«                        03 

K 

K      « 

•-' 

(^ 

s 

= 

c^ 

^ 

c 

c; 

"' 

r~  ca»» 

•^  C: 

c  ■«<-» 

©to 

© 

^ 

0 

i~  d- 

0  « 

^  C-.  1- 

r«i 

,_, 

ot- 

r 

Z 

4J 

1. 

Z^^ 

^>^J. 

Cf. 

z 

< 

Z 

-<■ 

z 

1 

£.2 

0  a  „  * 

g 

03 

U 

F- 

« 

u 

SOk 

SO 

&&C 

PS 

& 

B 

0 

« 

LI 

© 

■w 

•^ 

^ 

J3 

fc 

0 

~£  — 

=  0  ^ 

""■  -  li  ^ii   • 

=,0 

c    . 
y;    ■ 

"  S  a  i: 
3x5  =  2  S 

< 

;^x 

-2;  0 

;::£    M    is 

ea 

-^s'^ 

hypertrophy; 

5 
0 

E 

B 

■a 

c 

c 

© 

^ 

>> 

0 

ing;   loss 
strength; 
•diac   hy- 
ocondary 
Bsermann 

a  c' 

B 
0 
0 

^ 

c- 

•c 
a 
0 

1 

0 

g 

0 

B 

s  0 « 

~  B  ■- 

ll""^ 

0     n 

0 
53 

58 

0 

C3 

? 
be 

-t- 

B 
0 

0 

5 

£ 
1 
0 

a 
0 

xB  S 

0 
B 

a  Mo  g- W 

•tH  a  a 
one: 

~  CJ 

1^^ 

0 

fin 

a 

,  0 

Ob 

a 

B    . 

0 

0 

•2  g.2 

53 

0 

0  0 

t4 

?2S 

-  £  c 

0 

a 

~  5  -  ? 

s 

s 

00 

« 

f^ 

s 

(i. 

Irt 

_ 

^ 

. 

Q 

tc 

0 

M 

Z 

CB 

^ 

u: 

^ 

^^ 

« 

oc 

CJ 

=■ 

a  — 
05- 


'  c  >■••- 


c  s  o  = 

-  0-    ^  J2  , 


-5      qS  m 


O  OOOO 
50  *  rH  -fli  O 

CO         -^ 

OS     hi 


o  ©C>u;  la  o  s> 

■«<  -W  OJ  CO  «5  o  oi 
n  W  r-l  c^  »H  C^  i-l 


<o 


U 


>.0 


.St;  33 

2  q 


+ 

G 

^ 

C0  + 

[_;, 

-j 

&£ 

o 

_:^ 

< 

-■"' 

":; 

Pi 


t:     I 


—  ■SB  9 


^  i  •«  &S^  =      I  -  g  a : 


I—  o  (-1  r?  «i       "*r'  tk^i 


O  <y 


^      £  c  ^ 


BOAS-FRAXT— CAPILLARY     BLOOD    PRESSURE 


51 


Danzer  and  Hooker  determined  that  the  normal  capillary  pressure 
ranged  from  18  to  22  mm.  of  mercury.  They  found  that  in  any 
individual  most  of  the  readings  on  ditierent  capillaries  varied  from  6  to 
7  mm.  of  mercury,  although  in  many  capillaries  the  difiference  was 
greater.  They,  however,  discarded  the  very  high  and  the  very  low 
readings  and  took  as  the  capillary  blood  pressure  the  average  of  those 
which  did  not  exceed  this  variability.     We,  too,  as  is  apparent  from 

TABLE  2. — Showing  the  Distribution  of  thk  Rf..\dings  of  Capillary 

Pressure  * 


Mm.  Mercury 

^ * 

Case               1-10  11-20  21-JiO  31-40  41-50  51-60         61-70         71-80         81-60 
Patients  With  Hypertension: 

1 ..  11  5  1 

•2 ..  7  6  5.. 

3 ..                 ..  ..  2  4  2  ..                 ..                  1 

4 6  1  9  3  ..  1                 ..                  2 

5 ..  ..  13  6  3 

6 ..  ..  ..  1  ..  4 

16 ..  2  ..  1  2 

17 ..  1  1  3  3  2 

"7I!!!!!!!!!  '.'.  23  4  '.'.  ..  ..  ..  '.'.  '.'. 

0. '.'.'.'.'.'.'.'.'.           3  '.'.  ..                 ..                 ..                 ..                 ..                 ..                 '.'. 

10 2 

11 3  5 

Vl-A 4  2                  1                  1                  1                  4                14 

12b 3  9 

13 1  7                  6                  1 

14 6  15  13                  2 

15 5  2 

18 1  1 

1*> 3 

20a 9                  7                  2... 

20b ■•                 9                 -^ 

9->               ..2  2                 1 

23 i                3 

Patients  With  Normal  Blood  Pressure: 

94           ....  7  12                1                1 

25;;:;;: 21  20 

26 ..  18                 1 

•27        3  11                 9                 3                 1 

28 11 

29 1  8                  4 

30 3  n                 1               .. 

31 3 

3.,                             6  15                  5                  3 

33::::: 3  12  I  ■■ 

35 ••  -  ^  1 

*  Cases  in  wbich  only  very  few  readings  are  recorded  are  ones  in  which  all  of  the 
ranillaries  in  tlie  microseopio  field  exhibited  a  reappearance  of  the  blood  flow  at  the  same 
pressure.      Karly  in  the  work  the  number  of  capillaries  observed  were  not  counted. 

Table  1,  encountered  wide  differences  between  the  pressure  readings 
in  different  capillaries  of  the  same  individual.  This  variability  is  so 
constant  in  most  cases  that  we  feel  it  cannot  be  ignored.  It  has  long 
been  known  that  there  is  a  great  variation  in  the  degree  of  filling  of 
different  capillaries  and  in  the  rate  of  their  blood  flow.  Roy  and 
Brown  drew  attention  to  this  in  1879  and  many  others  have  subsequently 
noted  the  same  phenomenon.  It  remained  for  Krogh  to  point  out  the 
relationship  of  this  variability  of  flow  to  the  functional  needs  of  the 
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tissues.  With  the  inconstancy  of  flow  there  must  be  a  corresponding 
fluctuation  of  the  capillary  pressure.  Thus  the  variations  in  the  read- 
ings which  we  observe  are  of  real  significance  and  should  be  recorded. 
We  deem  it  wisest  to  record  all  of  the  observations.  Because  of  the 
wide  range  of  variability  and  the  relatively  small  number  of  readings, 
an  average  would  be  deceptive.  It  is  possible  that  the  degree  of  vari- 
ability of  the  readings  in  dififerent  individuals  may  have  some  clinical 
significance.  That  it  is  not  due  to  errors  of  measurements  is  shown  by 
the  fact  that  successive  readings  on  one  capillary  taken  at  the  same 
sitting  are  usually  quite  constant. 

It  has  been  suggested  that  high  readings  are  due  to  the  fact  that 
the  capillaries  on  w'hich  such  pressures  are  observed  are  seated  more 
deeply  in  the  tissues,  or  that  some  anatomic  peculiarity  is  the  determin- 
ing factor.  The  following  facts  show  that  this  does  not  usually  obtain. 
By  careful  focussing  of  the  microcope  one  can  show  that  the  capillaries 
giving  high  readings  are  often  superficial.  The  size  of  the  capillary 
bears  no  relationship  to  the  pressure  observed  therein.  Moreover,  if 
the  same  group  of  capillaries  is  kept  under  observation  for  a  period  of 
time,  or  is  studied  on  dififerent  days,  marked  variations  in  their  pressure 
are  observed.  For  instance,  in  Case  6  a  group  of  four  capillaries  of 
varying  shapes  and  sizes  gave  the  following  successive  readings,  the 
figures  for  all  four  capillaries  at  any  one  time  being  the  same — 45, 
38,  52.  Four  days  later  the  readings  were  48,  49,  49,  55.  On  both 
days  during  the  period  of  observation  one  of  the  four  capillaries 
disappeared  from  view  for  several  minutes  at  a  time.  On  such  occasions 
we  were  able  to  make  it  reappear  by  raising  the  pressure  to  90  or  100 
and  quickly  releasing  it  several  times  in  succession.  This  acts,  we 
believe,  as  a  mechanical  stimulus  to  the  arterioles,  capillaries  and  venules. 
In  another  patient  (Case  26)  the  following  note  was  made: 

While  the  pressure  in  most  of  the  capillaries  in  the  microscopic 
field  was  28,  in  one  capillary  there  was  but  the  slightest  streaming  of 
blood  at  0.  The  pressure  was  raised  to  90  and  quickly  released. 
Thereupon  the  microscopic  field  became  markedly  hyperemic  and  the 
pressure  in  most  of  the  capillaries  was  25.  In  the  capillary  in  which 
the  reading  had  been  0,  the  pressure  now  was  12. 

We  think  that  at  times  vmlike  pressures  in  dififerent  groups  of 
capillaries  are  due  to  the  fact  that  the  arterioles  supplying  the  groups 
exhibit  dift'erent  pressures  or  degrees  of  contraction.  Case  25  may 
be  cited  as  an  example.  Observations  made  on  the  fourth  finger  of 
the  left  hand  passing  from  the  left  to  the  right  side  of  the  nail-bed,  so 
that  the  first  and  last  readings  were  made  on  capillaries  separated  by  a 
distance  of  one  centimeter,  were  as  follows : 

Left    8,  8.5,  10,  15,  20    Right 
and  again  Left  10,  10,  14.  15.5,  17,  20    Right 
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It  is  clear  from  this  discussion  that  the  capillary  pressure  in  the 
same  and  different  vessels  may  vary  from  physiologic  as  well  as  from 
anatomic  causes. 

It  is  difficult  to  draw  any  final  conclusions  from  a  study  of  the 
tables.  The  cases  fall  into  two  groups — those  with  high  capillary 
pressure  and  those  with  a  low  or  normal  capillary  pressure.  It  is 
impossible  to  classify  the  patients  clinically.  Neither  the  history,  the 
physical  examination,  nor  the  study  of  kidney  function  reveals  any 
differential  features.  Similar  urinary  findings  are  common  to  both 
groups ;  in  both  we  find  low  as  well  as  normal  phenolsulphonephthalein 
excretion.  There  is  no  difference  in  the  pulse  pressures  in  the  two 
series.  While  it  is  true  that  on  the  average  patients  with  a  high  capil- 
lary pressure  exhibit  a  high  diastolic  blood  pressure,  there  are  sufficient 
exceptions  to  this  rule  to  invalidate  any  supposition  of  a  causal  relation- 
ship between  the  two. 

On  further  reflection  these  apparently  vicarious  figures  find  some 
theoretical  justification.  If  Kylin's  division  of  hypertensive  states 
is  a  correct  one,  it  may  well  be  that  those  of  our  patients  who  showed 
kidney  involvement  with  a  low  capillary  pressure  did  not  fall  within 
the  group  exhibiting  glomerulonephritis  and  general  capillary  disease. 
As  a  matter  of  fact  necropsies  in  two  of  our  cases  support  this  belief. 
The  following  extracts  from  the  autopsy  protocols  of  Cases  11  and  19 
give  no  evidence  of  a  dift'use  glomerulonephritis: 

REPORT     OF     NECROPSY     FINDINGS 

Case  11. — Right  kidney  weighs  120  gm. ;  left,  80  gm.  Capsule  markedly 
adherent.  Scattered  large  arteriosclerotic  scars.  On  section  the  cortex  varies 
in  thickness,  striations  irregular,  vessels  prominent. 

Microscopic  examination  reveals  scarring  with  thickening  and  obliteration 
of  the  vessels  in  the  depressed  areas.  Slight  fibrosis  of  the  glomeruli  with  some 
thickening  of  Bowman's  capsule.    In  the  scarred  areas  the  glomeruli  are  fibrosed. 

There  is  marked  arteriosclerosis  of  the  aorta,  of  the  cerebral  and  coronary 
arteries.  In  the  posterior  wall  of  the  left  ventricle  there  is  a  large  white  scar. 
There  is  a  large  cystic  area  in  the  right  occipitoparietal  region,  and  a  hemor- 
rhage in  the  left  internal  capsule. 

C.^SE  19.— Each  kidney  weighs  50  gm.  They  arc  firmer  than  normal.  Capsule 
adherent,  leaving  on  removal  a  finely  granular  surface.  The  cut  surface  is  pale 
and  granular.  The  cortex  is  from  2  to  3  mm.  in  diameter.  Striations  are 
absent.     Small  vessels  are  prominent. 

Microscopic  examination  shows  a  complete  loss  of  normal  architecture. 
Marked  sclerosis  of  the  larger  vessels.  Tubules  are  arranged  in  irregular 
groups  and  are  dilated.  Their  cells  are  low,  cuboidal,  and  the  lumen  is  filled 
with  exudate.  There  is  a  great  deal  of  connective  tissue  with  round  cell 
infiltration.  Most  of  the  glomeruli  have  undergone  a  fibrous  or  hyaline  change. 
A  few  still  have  a  normal  appearance,  but  even  in  these  Bowman's  capsule 
is  much  thickened. 

Diagnosis  :    Primary  contracted  kidney. 
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When  we  recall  that  experienced  clinicians  have  recognized  the 
impossibility  of  diagnosing  the  anatomic  lesion  in  the  kidney  from  the 
clinical  picture,  particularly  in  chronic  nephritis,  we  are  in  a  position 
to  understand  why,  in  the  cases  we  studied,  we  have  been  unable  to 
predict  which  cases  will  exhibit  a  high  capillary  pressure  as  one  of  the 
manifestations  of  a  glomerulonephritis.  If  our  postulates  hold  true, 
however,  and  for  confirmation  we  must  await  the  postmortem  exami- 
nations on  appropriate  cases,  the  estimation  of  the  capillary  pressure 
may  prove  an  important  aid  in  the  differential  diagnosis  of  glomerulo- 
nephritis, from  other  types  of  kidney  disease.  It  is  not,  however,  of 
value  in  the  differentiation  of  nephritic  from  essential  hypertension. 

Another  question  which  remains  unsolved  is  whether  the  capillary 
hypertension  contributes  to  the  general  arterial  hypertension,  or  whether 
it  is  a  concomitant  phenomenon.  It  is  well  known  that  when,  in 
patients  with  hypertension,  particularly,  serial  blood  pressure  readings 
are  taken,  the  final  reading  will  often  be  considerably  lower  than  the 
first  one.  Table  3  presents  such  a  series  of  readings  on  the  two 
groups  of  patients : 

TABLE  3. 


High 

Length  of 

Drop 

in  Systolic 

Capillary 

Blood  Pressure  in 

Mm.  Hg 

Observation, 

Blood  Pressure, 

Pressure 
Case    2 

M'n 

J^TYl       TIrr 

240/120 

230/110 

220/100 

206/100 

206/100            5 

34 

Case    3 

206/120 

204/120 

200/120 

202/120 

200/110           10 

6 

Case    5 

250/140 

240  150 

228/125 

214/125 

212/122           12 

38 

Low  Capil- 

lary Pressure 

Case    7 

180/110 

184/103 

184/110 

180/110 

180/110           10 

0 

Case  12 

184/102 

176/  96 

174/  96 

180/  94 

178/  96           12 

6 

Case    8 

10/  8/21 

186/  90 

174/  90 

170/  80 

168/  80 

160/  90           10 

26 

10/10/21 

152/  82 

160/  90 

154/  86 

158/  88 

156/  88           10 

4 

12/  1/21 

184/100 

ISO/  90 

166/  90 

176/  96 

174/  94           10 

10 

12/  6/21 

174/  96 

172/  94 

170/  90 

174/  90 

172/  90           10 

2 

It  is  apparent  that  the  blood  pressure  is  equally  unstable  in  both 
groups.  Were  the  high  capillary  pressure  a  cause  for  the  sustained 
hypertension,  one  might  imagine  that  in  such  cases  the  blood  pressure 
readings  would  be  more  constant. 

Furthermore,  were  the  connection  a  close  one,  one  would  expect  the 
blood  pressure  to  vary,  pari  passu,  with  the  capillary  pressure.  We 
have  observed  this  only  in  Case  12,  where  readings  taken  on  dift'erent 
days  at  dififerent  levels  of  blood  pressure  revealed  parallel  changes  in 
the  capillary  pressure.  We  must  dispute  the  statement  of  Secher  ^^ 
that  the  capillary  pressure,  as  a  rule,  follows  the  blood  pressure.  He 
cites  one  case  in  which  wide  fluctuations  of  the  blood  pressure  were 
accompanied  by  parallel  changes  in  the  capillary  pressure. 


19.  Secher,  K. :    Kliniske  Kapillaerundes0gelser,  Ugeskrift  f.  Laeger  83:899, 
1921. 
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The  mechanism  of  a  low  capillary  pressure  is  easily  explained.  A 
constriction  of  any  blood  vessel  will  be  followed  by  a  rise  of  pressure 
central  to  the  constriction,  and  by  a  fall  of  pressure  peripheral  thereto. 
In  hypertension,  due  to  a  contraction  or  a  diminution  of  the  lumen  of 
the  arterioles,  the  capillary  pressure  will  be  low.  Thus  it  would  seem 
that  in  most  of  our  cases  of  hypertension  there  is  a  narrowing  of  the 
arterioles.  A  high  capillary  pressure  will  follow  a  dilatation  of  the 
arterioles  or  a  constriction  of  the  venules,  or  a  high  venous  pressure 
due  to  stasis.  It  is  not  clear  how  disease  of  the  capillaries  themselves 
would  lead  to  a  high  capillary  pressure,  particularly  when  we  recall 
that  arteriosclerosis  of  itself  does  not  lead  to  a  high  arterial  pressure. 
This  is  the-  weak  point  in  Kylin's  theory.  It  is  conceivable  that  a 
lesion  of  the  venous  loop  of  the  capillary  might  raise  the  pressure 
in  the  arterial  loop,  or  that  a  stiffening  of  the  endothelial  tube  due  to 
disease  might  increase  the  pressure  needed  to  check  the  blood  flow 
in  the  capillaries. 

That  the  appearance  of  the  capillaries  in  our  cases  does  not  corre- 
spond to  the  accepted  normal  is  evident  from  the  table.  We  are  not 
ready,  however,  to  subscribe  to  Weiss'  positive  views  as  to  the  signili- 
cance  of  these  morphologic  changes.  We  believe  that  the  normal  has 
not  yet  been  sufificiently  established.  We  have  observed  in  normal 
individuals  capillary  pictures  that  correspond  to  descriptions  of  tlie 
capillaries  characteristic  of  nephritis  and  arteriosclerosis.  In  general, 
it  may  be  said,  however,  that  the  capillaries  when  diseased  behave  as 
do  the  arteries.  They  become  long  and,  as  a  consequence,  tortuous. 
This  may  be  due  to  an  organic  change  in  the  capillary  or  it  may  be  as 
Lapinsky -''  pointed  out,  due  to  loss  of  tone  following  injury  to  the 
nerve  supplying  the  area  in  question. 

CONCLUSIONS 

1.  In  patients  with  normal  blood  pressures  the  blood  pressure  in 
the  capillaries  of  the  fingers  rarely  exceeds  30  mm.  of  mercury. 

2.  Patients  with  hypertension  fall  within  two  groups  that  cannot 
be  differentiated  clinically.  In  the  first  group  the  capillary  pressure 
ranges  between  21  and  70  mm.  of  mercury,  rarely  higher  and  only 
very  exceptionally  lower.  Most  of  the  readings  fall  between  30  and  60. 
In  the  second  group  the  capillary  pressure  falls  within  the  range  of 
normal,  with  a  tendency  to  be  low  rather  than  high. 

3.  It  is  possible  that  patients  who  exhibit  high  capillary  pressures 
are  suffering  from  a  general  capillary  disease  with  a  glomerulonephritis 
as  one  of  the  manifestations.     If  this  view  is  confirmed,  the  estimation 


20.  Lapinskv,  M.:  Studien  liber  die  lokale  Blutzirculation  im  Bereiche 
gelahmter  XerVen.  Arch.  f.  Anat.  &  Ph3'siol.  (Physiol.  Abtheil.)  477,  1899. 
Supplement. 
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of  the  capillary  pressure  may  prove  an  important  aid  in  the  differential 
diagnosis  of  glomerulonephritis  from  other  forms  of  kidney  disease. 

4.  In  essential  hypertension  the  capillary  pressure  is  low. 

5.  In  any  given  individual  varying  pressures  are  usually  observed  in 
different  capillaries.  In  patients  with  a  normal  capillary  pressure  the 
diff'erence  between  the  high  and  low  readings  is  on  the  average 
18  mm.  Hg.  In  patients  with  a  high  capillary  pressure  this  diff'erence 
is  on  the  average  36.6  mm.  Hg.  Thus  the  variability  of  the  capillary 
pressure  is  greater  in  patients  with  high  readings. 

6.  The  variability  of  the  capillary  pressure  depends  on  physiologic 
as  well  as  on  anatomic  moments. 

7.  ^Mechanical  stimulation  of  the  capillaries  will  alter  the  blood 
flow,  as  well  as  the  blood  pressure  within  the  capillaries. 


AN     ELECTROCARDIOGRAPHIC     STUDY     OF     FIFTY 
PATIENTS     DURING     OPERATION  * 

W.     G.     LENNOX,     M.D. 

PEKING,     CHINA 

R.     C.     GRAVES.     M.D..     and     S.     A.     LEVINK,     M.D. 

BOSTON 

For  a  thorough  understanding  of  the  action  of  the  heart,  it  is 
important  that  it  be  studied  under  various  conditions  of  stress.  This 
investigation  was  undertaken  to  determine  whether  there  are  any 
abnormahties  in  the  mechanism  of  the  heart  beat,  demonstrable  by 
electrocardiography,  during  the  period  of  anesthetization  and  surgical 
operation. 

Heard  and  Strauss  ^  reported  a  case  of  atrioventricular  rliythm 
detected  electrocardiographically  in  a  patient  still  under  ether  following 
an  operation.  They  state,  "no  other  cases  of  nodal  rhythm  have  been 
observed  by  us  in  a  series  of  twenty-one  cases  in  which  electrocardio- 
graphic records  have  been  taken  during  anesthesia."  Levine  -  reported 
cases  of  acute  cardiac  upsets  occurring  in  association  with  surgical 
operations.  In  two  of  his  cases  electrocardiographic  tracings  were  made 
during  attacks  of  paroxysmal  auricular  tachycardia  while  the  patients 
were  still  under  ether.  These  two  reports  were  the  only  references  to 
the  subject  found  in  the  literature. 

MATERIAL     AND     METHODS 

This  paper  covers  the  study  of  fifty  operations  performed  on 
forty-eight  individuals  on  the  surgical  service  of  the  Peter  Bent 
Brigham  Hospital  during  May  and  June,  1921.  The  cases  were  selected 
to  the  extent  that  the  widest  possible  variety  of  conditions  of  age, 
type  of  anesthesia,  cardiac  condition,  operative  procedure,  etc.,  were 
covered.  They  represent  the  more  serious  of  the  usual  operative 
cases.  The  total  time  during  which  patients  were  under  observation 
was  seventy-five  hours.  During  this  period  a  total  of  1,750  records 
were  made.  Electrodes  of  the  type  described  by  Cohn  ^  were  applied 
and  preliminary  tracings  made  before  the  beginning  of  anesthesia.     By 


*  From  the  medical  and  surgical  clinics  of  the  Peter  Bent  Brigham  Hospital. 

1.  Heard.  J.  D..  and  Strauss,  A.  E. :  An  Electrocardiographic  Study  of  Two 
Cases  of  Nodal  Rhythm  Exhibiting  R-P  Intervals,  Am.  J.  AI.  Sc.  75:238,  1918. 

2  Levine,  S.  A.:  Acute  Cardiac  Upsets  Occurring  During  or  Following 
Surgical  Operations,  J.  A.  M.  A.  75:796  (Sept.  18)  1920. 

3.  Cohn,  A.  E. :  A  New  Electrode  for  L^se  in  Clinical  Electrocardiography, 
Arch.  Int.  Med.  26:105   (July)    1920. 
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means  of  an  electric  buzzer  the  anesthetist  signaled  to  the  electrocardio- 
graph operator  the  moment  at  which  anesthesia  and  operation  were 
begun  and  ended,  and  also  indicated  any  critical  stages  in  the  operation 
or  in  the  patient's  condition.  By  this  means,  tracings  and  operative 
procedures  were  correlated.  Short  records  were  made  at  intervals 
from  the  beginning  of  anesthesia  until  the  time  when  the  patient  was 
ready  to  leave  the  operating  table.  On  the  average  a  tracing  was 
made  every  two  and  one-half  minutes.  Graphic  records  were  obtained 
for  about  3  per  cent,  of  the  time  the  patients  were  on  the  table.  The 
galvonometer  string  was  watched  for  a  much  longer  period  than  this, 
and  any  gross  abnormality  of  rate  or  rhythm,  lasting  more  than  a  few^ 
minutes,  would  have  been  detected.  Most  records  were  of  Lead  II, 
but  occasionally,  because  of  manipulations  during  operation  in  abdominal 
cases,  it  was  necessary  lo  use  Lead  I. 

HEART     R.\TES 

The  rate  of  the  heart  during  operation  is  a  matter  of  practical 
importance.  Operators  usually  rely  on  the  pulse  rate  as  furnished  by 
the  anesthetist.  In  this  study  it  was  found  that  the  heart  rate,  cal- 
culated from  electrocardiographic  tracings,  in  many  instances  was 
much  higher  than  the  count  the  anesthetist  reported.  The  highest 
heart  rate  in  this  series  was  217  beats  per  minute,  occurring  during  the 
etherization  of  a  child.  The  highest  recorded  pulse  rate  in  this  case 
was  180.  In  seventeen  cases,  or  34  per  cent.,  the  heart  rate  was  twenty 
or  more  beats  per  minute  faster  than  the  highest  recorded  pulse  rate. 
In  nine  cases,  or  18  per  cent.,  this  discrepancy  amounted  to  thirty  or 
more  beats.  The  most  marked  difference  was  in  the  case  of  a  girl, 
who  held  her  breath  during  the  early  stages  of  etherization.  Her  heart 
and  pulse  rates  are  shown  in  Figure  1.  Discrepancies  occurred  with 
equal  frequency  under  ether  and  gas-oxygen  anesthesia'.  In  certain 
of  these  cases  there  may  have  been  an  actual  pulse  deficit.  In  others 
the  discrepancy  might  be  explained  by  the  fact  that  the  pulse  rates 
taken  at  five  minute  intervals  did  not  catch  short  rises  in  rate  shown 
by  the  more  frequent  electrocardiographic  readings.  Again,  the  highest 
rates  and  the  most  marked  discrepancies  occurred  usually  during  the 
induction  of  anesthesia,  when  the  pulse  rate  was  taken  by  a  nurse 
from  the  ward.  During  the  period  of  operation,  a  trained  anesthetist 
took  the  readings,  using  the  temporal  artery. 

These  observations  show  that  the  anesthetist's  chart  of  pulse  rate 
cannot  be  taken,  in  many  instances,  as  a  record  of  heart  rate.  For  those 
cases  in  which  it  is  important  that  the  operators  have  accurate  infor- 
mation, the  rate  should  be  obtained  from  the  apex  beat.  This  is  easily 
(lone  by  strapping  a  stethoscope  over  the  precordium,  using  tubing  of 
sufficient  length  to  reach  the  anesthetist.     Another  accurate   method. 
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Fig.  1. — Upper  line  shows  the  heart  rate  as  determined   from  electrocardio- 
grams ;  lower  line,  the  pulse  rate  as  recorded  by  the  anesthetist. 


Fig.  2.— Case  7.  Operation,  fixation  of  uterus.  .\.  Tracing  taken  twenty-si.x 
minutes  after  beginning  of  operation ;  rate  104.  rhythm  normal.  B.  Taken  four 
minutes  later  than  A  :  rate  164.  paroxysmal  tachycardia. 


Fitr.  3. \n  instance  of  paroxysmal  tachycardia  unsuspected  by  the  operat- 
ing staff. 
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used  in  the  head  operations  of  this  series,  is  to  count  the  pulsations 
in  the  brachial  artery  as  heard  in  the  auscultatory  method  of  obtaining 
blood  pressure  records. 

ABNORMALITIES     OF     RHYTHM 

Paroxysmal  Tachycardia. — One  patient,  a  woman,  80  vears  of  age, 
showed  this  type  of  arrhythmia.  The  electrocardiogram  appears  in 
Figure  2,  and  the  heart  and  pulse  rates  in  Figure  3.  The  first  sharp 
rise  in  rate,  from  120  to  167,  occurred  during  the  half  minute  or  so 
required  to  change  from  one  lead  to  another.  Without  the  electro- 
cardiograph, this  abnormality  would  have  gone  unrecognized,  for  the 
anesthetist  noted  only  a  rise  of  pulse  rate  to  135.  The  fast  rate  was 
unaccompanied  by  any  adverse  change  in  the  patient's  condition. 

Premature  Beats.— In  eleven  cases,  premature  beats  were  recorded. 
They  were  ventricular  in  origin  in  seven  cases,  and  auricular  in  four. 
It  should  be  stated,  however,  that  two  of  the  eleven  showed  premature 
beats  in  the  preliminary  tracings  and  in  another  there  was  a  clear  past 
history  of  premature  systoles.  One  case  which  showed  paroxysmal 
auricular  tachycardia  and  premature  beats  on  entrance  to  the  hospital, 
ten  days  before  operation,  showed  no  abnormality  during  operation. 
During  the  ten  day  interval  he  had  been  on  digitalis.  The  records 
of  eight  of  the  eleven  cases  showed  only  one  or  two  premature  beats.  ■ 
In  two  cases,  premature  beats  occurred  for  short  periods  as  often  as 
every  third  beat.  In  none  did  the  anesthetist  note  the  irregularity.  The 
time  relations  of  the  premature  beats  to  the  operation  are  shown  in 
the  upper  part  of  Figure  4. 

Sinus  Arrhythmia. — The  occurrence  of  well  marked  sinus  arrhyth- 
mia was  noted  in  three  cases. 

DISTURBANCES     IN      CONDUCTION 

Delayed  auriculoventricular  conduction,  with  a  lengthening  of  the 
P-R  interval  from  0.2  to  0.24  second,  occurred  in  one  patient  during  an 
operation  for  the  ligation  of  a  thyroid  artery.  Krumbhaar  *  reported 
forty-seven  cases  of  toxic  goiter  in  which  tracings  were  taken  before 
and  after  operation;  two.  of  these  showed  a  delay  in  conduction  time 
after  operation.  In  regard  to  disturbances  in  the  branches  of  the  con- 
duction apparatus,  it  is  worthy  of  note  that  in  our  series,  no  case 
showed  a  prolongation  of  the  QRS  interval.  One  case  showed  a 
widened  QRS  complex  (0.1  second)  in  the  preliminary  tracing, 
but  it  did  not  increase  during  the  operation.  The  patient  died 
eight   days   later    from   bronchopneumonia    and    pulmonary   embolism. 

4.  Krumbhaar,    K.   B. :     Electrocardiographic   Observations    in   Toxic   Goiter, 
Am.  J.  I\I.  Sc.  155:175,   1918. 
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There  was  no  evidence  of  heart  failure,  but  at  the  necropsy  an  area 
of  fibrous  myocarditis  1X2  cni.  in  size  was  found  in  the  wall  of  the 
left  ventricle. 

DISLOCATION     OF     THE     PACEMAKER 

The  chief  interest  of  the  study  was  found  to  lie  in  the  fre- 
quent displacement  of  the  cardiac  pacemaker,  as  evidenced  by  changes 
in  the  shape,  direction  and  position  of  the  P  wave  (auricular  complex). 
Fifteen   of  the  cases,  or  30  per  cent.,  showed   some  variation  in  the 
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Fig.  4. — The  chart  illustrates  the  period  during  wliich  premature  beats  and 
displacement  of  the  pacemaker  occurred.  The  upper  portion  is  for  the  ten  cases 
which  showed  premature  beats.  Each  dot  represents  one  such  beat:  The  lower 
portion  is  for  the  eleven  cases  which  showed  marked  abnormalities  of  the  P 
waves.  They  are  grouped  according  to  the  anesthetic  used.  In  the  ether  group 
the  letter  C  indicates  those  receiving  ether  by  the  Connell  apparatus.  On  the 
right  the  first  column  of  figures  gives  the  case  number  and  the  second 
column  the  percentage  of  records  which  showed  the  abnormal  rhythm.  The 
length  of  the  black  line  is,  in  each  case,  a  rough  measure  of  the  percentage 
of  records  which  showed  the  abnormality. 


P  wave  not  present  in  the  preliminary  tracings.  Tn  three  of  the  cases, 
the  abnormality  consisted  only  in  a  shortening  of  the  P-R  interval  of 
0.04  second  or  more.  This  shortening  was  not  due  to  an  increase  in 
rate.  In  one  of  the  cases  there  was  only  a  flattening  of  the  P  waves. 
X'arious  explanations  for  such  flattening  have  been  discussed  by  Wil- 
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son/  e.  g.,  diminution  in  contractility  of  auricles,  interference  of  two 
rhythms,  changes  in  the  path  of  the  contraction  wave  over  the  auricles 
and  changes  in  the  location  of  the  pacemaker.  In  the  remaining  eleven 
cases   the   tracings  showed   more   marked   variations   of   the   auricular 
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Fig.  5. — Case  17.  Operation,  ton.sillectomy.  Lead  II.  A.  Normal  tracing, 
rate  68.  P-R  interval  0.16  sec.  Taken  at  signal  for  first  incision.  B.  Inverted 
P  waves,  rate  94.  P-R  interval  0.12  sec.  Taken  two  minutes  after  A.  C. 
Xorinal  tracing,  rate  59.     Taken  one  minute  after  B. 
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Fig.  6. — Case  21.  Operation.  a\ulsion  trigeminal  ganglion.  A.  Lead  III, 
normal  tracing,  rate  121.  P-R  interval  0.16  sec.  B.  Lead  III  inverted  P  waves, 
P-R  interval  0.12-0.16  sec:  rate  101.  C.  Lead  II  normal  tracing;  rate  140.  D. 
Lead  II  P  waves  greatly  flattened;  rate  107.    Taken  two  minutes  previous  to  C. 

complex,  i.  e.,  either  an  absence  of  the  wave,  or  an  inverted  P  wave 
with  diminished  P-R  interval,  or  even  the  P  wave  following  the 
R  wave,  producing  an  R-P  interval. 


5.  Wilson.  F.  X.:  Three  Cases  Showing  Changes  in  the  Location  of  the 
Cardiac  Pacemaker  Associated  with  Respiration,  Arch.  Int.  Med.  16:86  (Julv) 
1915. 
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Following  the  classification  used  by  \\'ilson  '^  in  reporting  his  cases 
of  A-V  rhythm  which  resulted  from  the  injection  of  atropin,  these 
eleven  cases  are  divided  into  three  groups : 

1.  Cases  in  Which  the  "P"  Wave  Is  Inverted  and  tJie  P-R  Interval 
Reduced. — Three  of  the  patients  showed  this  abnormality.  In  Figure  5, 
three  successive  records  are  shown.  The  first  was  taken  on  the  signal 
denoting  the  beginning  of  operation  (tonsillectomy),  the  second,  which 
shows  inverted  P  waves,  two  minutes  later,  and  the  last  one  minute 
after  the  second.  The  rate  of  the  heart  in  the  middle  (abnormal) 
record  is  intermediate  between  the  rates  of  the  other  two.  Figure  6, 
from  another  case,  is  of  interest  in  that  it  .shows  in  one  lead  at  one 
time  an  inverted  "P,"  and  in  another  lead  at  another  time  a  markedly 
flattened  "P." 

2.  Cases  in  Which  the  "P"  Wave  Is  Absent. — Seven  of  the  cases 
showed  a  disappearance  of  the  P  wave.  Examples  from  three  of  these 
are  shown  in  Figures  7,  8  and  9.  In  Figures  7  and  8  there  is  in  some 
of  the  cycles  a  slight  irregularity  of  the  auricular  complex,  suggesting 
an  interference  of  two  rhythms.  In  some  instances  interpretation  was 
difficult  because  of  the  artefacts  produced  by  the  operative  procedures. 
Figure  8  is  of  particular  interest  for  its  shows  the  onset  of  the  abnormal 
rhythm.  Here  the  transition  occurs  abruptly,  without  preliminary 
shortening  of  the  P-R  interval,  but  with  slight  slowing  of  the  rate.  In 
Figure  9  (C)  a  condition  of  auriculoventricular  dissociation  probably 
exists,  the  auricle  responding  to  the  sinoauricular  node  and  the  ventricle 
to  the  auriculoventricular  node.  In  two  of  the  seven  cases,  in  addition 
to  records  showing  absent  P  waves,  there  are  other  records  showing 
inverted  P  waves. 

3.  Cases  in  Which  the  "P"  Wave  Is  Inverted  and  There  Is  an  R-P 
Interval. — One  case  belonged  to  this  group.  Figure  10  (B)  shows  the 
established  abnormal  rhythm  with  the  heart  responding  to  but  one 
pacemaker.  Figure  11  from  the  same  case  shows  the  onset  of  abnormal 
rhythm,  the  P-R  interval  becoming  shorter  and  shorter  until  the  P  wave 
is  lost  in  the  R  wave.  In  this  tracing,  as  in  Figure  9  (C),  there  is  a 
mixed  rhythm,  the  heart  responding  to  two  pacemakers.  The  transition 
is  accompanied  by  a  slight  decrease  in  rate.  The  operation  was  the 
excision  of  a  right  cervical  rib  in  a  young  woman.  The  operator 
''neither  saw  nor  touched  the  vagus  nerve." 

In  addition  to  the  above  group  of  eleven  cases,  there  was  one 
patient  whose  tracings  showed  bigeminy  and  marked  differences  of  the 
P  wave  in  successive  cycles.  As  his  control  tracings,  both  before  and 
after  operation,  showed  the  abnormality  this  case  is  not  included  in  the 


6.  Wilson,  F.  N. :  The  Production  of  Atrioventricular  Rhythm  in  Man  After 
the  Administration  of  Atropin,  Arch.  Int.  Med.  16:994  (Dec.)   1915. 
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Fig.  7. — Case  25.  Operation,  excision  tumor  of  cerebrum.  A.  Lead  I,  normal 
tracing;  rate  93.  B.  Lead  I,  absent  P  waves;  rate  103.  C.  Lead  II,  normal 
tracing;  rate  108.  Taken  seven  minutes  after  beginning  of  anesthesia.  D. 
Lead  II,  P  waves  are  in  some  cycles  absent,  in  others  the  P-R  interval  is 
much  diminished  ;  rate   107. 


Fig.  8. — Case  31.  Operation,  cerebellar  exploration.  Lead  II.  Note  disap- 
pearance of  P  waves  with  slight  decrease  in  heart  rate.  Figures  indicate  length 
of  heart  cvcles. 


Fig-  9. — Case  1.  Operation,  suprapubic  prostatectomy.  Lead  II.  A.  Normal 
tracing;  rate  74.  B.  Absent  P  waves;  rate  94.  Taken  three  minutes  after  begin- 
ning of  anesthesia.  C.  P-R  interval  diminished,  P  upright;  rate  110.  Taken 
three  minutes  after  B. 
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preceding  group.  One  of  the  eleven  cases  showed  a  single  record  with 
inverted  P  waves  just  before  the  beginning  of  anesthesia.  Aside  from 
the  constantly  abnormal  case  mentioned  above,  this  is  the  only  instance 
in  the  series  of  fifty  cases  of  a  disturbance  of  the  pacemaker  occurring 
in  any  of  the  control  tracings  taken  before  and  after  operation.  In 
all  cases  the  abnormality  had  disappeared  before  the  patient  left  the 
operating  table.      Records  were  taken  during  convalescence  of  several 
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Fig.  10. — Case  22.  Operation,  excision  cervical  rib.  Lead  II.  A.  Normal 
tracing;  rate  99.  Taken  at  time  of  first  incision.  B.  Inverted  P  waves,  R-P 
interval  of  0.08  sec;  rate  99.     Taken  one  minute  after  A. 


Fig.  11. — Case  22.  Lead  II.  Onset  of  abnormal  rhytbm.  P  is  upright,  the 
P-R  interval  progressively  diminishing,  with  slight  decrease  in  rate.  Figures 
indicate  length  of  heart  cycles. 

patients  who  had  shown  abnormality  of  P  waves  during  operation.  All 
were  found  normal.  Two  of  the  fifty  cases  showed  auricular  waves 
which  were,  in  some  of  the  tracings,  considerably  larger  than  the  nor- 
mal P  waves  for  those  individuals. 

Significant  variations  in  the  height  of  the  R  or  T  waves,  other  than 
a  transient  inversion  of  a  low  T  wave  in  one  case,  were  not  noted. 


DISCUSSION     OF     CASES     SHOWIXG     A      M.ARKED     V.ARI.ATIGX 
IX     THE     P    WAVES 

In  the  preceding  section  we  have  sought  to  present  graphic  records 
of  abnormalities  rather  than  their  interpretation.     The  question  now 
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arises  as  to  how  many  of  these  are  examples  of  A-V  (atrioventricular) 
rhythm.  A  large  proportion  of  such  cases  would  not  be  inconsistent 
with  experimental  findings.  Levine,"  while  taking  electrocardiographic 
records  of  etherized  cats,  about  every  six  minutes,  found  that  in  fourteen 
out  of  forty-seven  experiments,  tracings  showed  the  presence  of  A-V 
rhythm.  In  almost  all  instances  the  abnormal  rhythm  appeared  after 
the  etherization  of  the  animal  but  before  the  beginning  of  the  experi- 
ment (intravenous  injection  of  strophanthin). 

There  are  difficulties,  however,  in  the  way  of  interpreting  all  these 
abnormal  tracings  in  the  present  study  as  instances  of  A-V  rhythm. 
In  the  first  place,  there  is  in  the  literature  a  lack  of  unanimity  in  the 
definition  of  this  condition.  Should  the  term  be  confined  to  those  cases 
of  pure  A-V  rhythm  in  which  the  heart  is  responding  to  but  one 
pacemaker  located  in  the  A-V  node,  or  should  it  include  cases  of  mixed 
or  double  rhythm  in  which  impulses  arise  from  both  the  S-A  (sino- 
auricular)  and  A-V  nodes  ?  There  is  a  difference  of  opinion  concerning 
the  criteria  by  which  A-\'  rhythm  is  to  be  diagnosed  from  electro- 
cardiographic tracings.  Some  writers  consider  it  essential  that  the 
P  wave  be  inverted.  On  the  other  hand,  the  statement  appears  in  a 
recent  paper  that  in  A-V  rhythm  the  P  wave  is  frequently  though  by 
no  means  constantly  inverted.*  Carter  and  Wedd,''  in  reporting 
twelve  cases  of  inverted  P  in  Lead  III,  consider  that  a  transient 
inversion  of  P  means  a  displacement  of  the  pacemaker. 

Furthermore,  in  those  cases  showing  P  waves,  it  is  a  point  of  issue 
as  to  how  much  shortening  of  the  P-R  interval  there  must  be  in  order 
to  prove  that  the  impulse  arises  in  the  A-V  node  rather  than  in  the 
auricular  tissues  adjacent  to  it.  Theoretically,  there  should  be  a 
shortening  in  the  P-R  interval  of  at  least  0.03  second,  the  time  con- 
sumed by  the  impulse  in  passing  from  the  S-A  to  the  A-V  nodes.^° 
Confusing  factors  may,  however,  enter  in.  Thus,  in  the  presence  of 
vagal  stimulation  depressing  A-V  conduction,  there  may  be,  coincident 
with  the  descent  of  the  pacemaker,  a  lengthening  of  the  P-R  time.^^ 

In  the  tracings  in  which  the  P  wave  does  not  appear  and  is  buried 
in  the  Q  R  S   (ventricular)   complex,  it  is  not  always  clear  whether 
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the  unseen  P  is  upright  or  inverted.  Again,  an  apparently  absent  P 
wave  may  mean  that  it  has  become  so  greatly  flattened  in  that  particular 
lead  as  to  be  isoelectric,  though  it  might  appear  as  a  distinct  wave  in 
another  lead.  Another  possibility  when  the  auricular  complex  is 
absent  is  standstill  of  the  auricle,  described  by  White.^- 

A  further  consideration  is  the  lead  in  which  the  abnormality  appears, 
for  inversion  of  P  in  Lead  III  is  not  so  significant  as  inversion  in 
Lead  IL  In  tracings  made  on  700  cases,  mostly  cardiacs,  Goddard  ^^ 
found  inversion  of  P  in  Lead  III  seventy-five  times  and  in  Leads  I 
and  II  only  eleven  times.  Barker  and  Richardson,^  on  the  other  hand, 
among  400  records  found  but  one  showing  inverted  P  waves.  In  the 
eleven  cases  of  variation  of  P  waves  in  this  study,  all  but  two  showed 
the  abnormality  in  Lead  II. 

Because  the  disturbances  in  this  series  were  transient  and  the 
patients  were  being  operated  upon,  there  was  no  opportunity  for 
experimentation  on  the  effects  of  atropin,  vagal  pressure,  etc.  We 
did  not  have,  as  did  Wilson  in  his  report  of  A-V  rhythm  occurring 
after  the  injection  of  atropin,  the  benefit  of  simultaneous  venous 
tracings.  It  would  appear  certain,  however,  that  all  these  cases  repre- 
sent various  stages  of  the  same  process,  viz.,  a  dislocation  of  the 
pacemaker.  (In  the  cases  of  auricularventricular  dissociation^*  one 
might  more  properly  speak  of  a  doubling  of  the  pacemakers.)  In  most 
of  the  cases,  possibly  in  all,  the  pacemaker,  or  where  there  are  two,  one 
of  the  pacemakers  arises  in  the  A-V  node.  Because  we  cannot  be 
certain  that  all  of  these  are  cases  of  A-V  rhythm,  we  shall  designate 
them  simply  as  the  group  showing  a  marked  dislocation  of  the 
pacemaker. 

HEART     RATES     IN     RELATION     TO    DISLOCATION     CF     THE     PACEMAKER 

Dislocation  of  the  pacemaker  is  explained  on  the  theory  either  that 
the  rate  of  the  S-A  node  falls  below  that  of  the  A-V  node,  in  which 
case  the  latter  becomes  the  pacemaker,  or  that  the  A-V  node  is 
stimulated  to  a  rate  above  that  of  the  S-A  node.  In  either  instance 
the  rates  during  normal  and  abnormal  rhythm  might  differ.  The 
heart  rates  for  cases  showing  dislocation  of  the  pacemaker  were 
charted  and  found  to  fall  into  three  classes.  Four  cases  showed  a 
slower  rate  during  the  abnormal  rhythm.     The  heart  rate  of  one  of 


12.  White,  P.  D. :  Auricular  Standstill,  an  Unusual  Effect  of  Digitalis  on 
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(Aug.)   1916. 
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these  is  illustrated  in  Figure  12  A.  Here  after  the  beginning  of 
operation,  whenever  the  heart  rate  fell  to  125  or  below  there  was  an 
absence  of  P  waves  in  the  electrocardiographic  record.  In  one  instance, 
the  heart  rate  was  faster  during  the  period  of  abnormal  rhythm 
(Fig.  12  B).  In  six  of  the  cases,  the  rate  bore  no  relation  to  rhythm. 
This  group  is  illustrated  (Fig.  13)  by  the  case  which  showed  on  R-P 
interval.  As  seen  in  the  chart,  the  rhythm  changed  on  three  occasions 
without  a  change  in  rate. 
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Fig.  12. — A.  Xote  the  slower  rate  which  occurs  with  the  displacement  of  the 
pacemaker.  B.  Xote  the  faster  heart  rate  which  occurs  with  the  displacement 
of  the  pacemaker. 


F.\CTORS     IX      PRODUCTION     OF     ABNORMALITIES 

In  discussing  the  cause  of  the  abnormalities  noted,  it  is  necessary 
to  consider  various  factors.  Twenty- four  (48  per  cent.)  of  the  cases 
show  some  disturbance  of  the  heart  beat  not  present  in  the  preliminary 
tracings.  Eleven  of  these  are  classified  as  showing  displacement  of 
the  pacemaker  (some  show  other  changes  as  well)  ;  thirteen  as  showing 
other  abnormalities.  The  number  of  cases  is  too  small  and  the  factors 
concerned  are  too  numerous  to  permit  definite  conclusions.  The  follow- 
ing analyses  must  therefore  be  regarded  simply  as  interesting 
observations. 

-S'f-t". — Twenty-three  of  the  persons  operated  on  were  males,  and 
twenty-five  were  females.  Sex  bore  no  relation  to  the  incidence  of 
abnormality. 


LEXNOX    ET    AL.— ELECTROCARDIOGRAPHIC    STUDY 


69 


Age. — The  age  of  patients  xaried  from  2  to  84  years.  Twenty-six 
were  under  40  while  twenty-two  were  over  40  years.  The  incidence 
of  abnormality  for  those  under  40  was  nearly  the  same  as  for  those 
over  that  age. 

Cardiovascular  Symptoriis. — A  history  of  serious  infection  (scarlet 
fever,  rheumatic  fever,  chorea,  tonsillitis,  pneumonia,  etc.)  was  not 
more  common  in  those  yieldinu^  abnormal  tracings  than  in  the  normal 
group.  A  history  of  cardiac  symptoms  (dyspnea,  edema,  etc.)  was. 
on  the  other  hand,  of  some  importance.  Only  11  per  cent,  of  those 
with  normal  tracings  gave  a  story  of  cardiac  disturbances,  whereas  41 
per  cent,  of  those  with  abnormal  tracings  reported  such  difficulties. 

Cardiac  Lesions. — Only  four  of  the  forty-eight  persons  showed 
definite  signs  of  cardiac  disease  by  routine  physical  examination.     Two 


Fig.  13. — Note  that  a  change  of  rhythm  occurs  in  three  instances  without  a 
change  of  rate. 


of  these  (one  a  case  of  mitral  stenosis  and  the  other  of  chronic 
myocarditis)  showed  abnormal  preliminary  tracings  and  the  other  two 
(one  a  case  of  mitral  regurgitation  and  the  other  t)f  sclerotic  aortic 
valves)  showed  some  abnormality  during  operation.  In  only  one  case 
did  the  condition  of  the  heart  cause  serious  debate  as  to -the  advisability 
of  operation.  This  was  a  woman  with  a  permanent  auricular  fibrillation 
and  mitral  stenosis  who  had  had  repeated  attacks  of  gallstone  colic. 
She  was  thoroughly  digitalized  so  that  on  the  morning  of  operation 
there  was  no  pulse  deficit.  In  order  to  determine  whether  a  pulse  deficit 
occurred  during  operation,  the  anesthetist  signaled  the  times  at  which 
she  counted  the  pulse,  and  simultaneously  electrocardiographic  records 
were  made.  During  the  period  of  induction  of  anesthesia  the  auricular 
impulses  broke  through  the  digitalis  block  and  the  heart  rate  jumped 
to  150,  while  the  pulse  rate  did  not  exceed  100.     In  this  instance  there 
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was  without  doubt  a  real  pulse  deficit.  During  the  period  of  actual 
operation,  however,  there  was  no  deficit.  Cholecystectomy  was  per- 
formed without  any  difficulty  and  the  patient  left  the  hospital  in 
satisfactory  condition. 

Blood  Pressure. — With  due  consideration  to  the  age  of  the  patients, 
five  of  forty-five  patients  had  high  blood  pressures,  and  nine  had 
pressures  which  seemed  to  be  low.  Abnormality  of  blood  pressure  in 
this  series  bore  no  relation  to  abnormality  of  the  heart  mechanism. 

Position  During  Operation. — Normal  records  were  obtained  more 
frequently  in  those  patients  who  were  placed  flat  on  the  table  than  in 
those  in  other  positions.  It  is  probable,  however,  that  other  factors 
were  operative  in  these  cases. 

Preliminary  Medication. — Thirt3'-seven  of  the  patients  received 
preliminary  morphin  (usually  0.01  gm.)  and  atropin  (0.0005  gm.). 
Seven  received  morphin  only  and  six  had  no  preliminary  medication. 
Wilson  "^  has  shown  that  for  from  eight  to  fifteen  minutes  following  the 
injection  of  1  mg.  atropin,  vagal  stimulation  produced  an  A-V  rh}i:hm 
in  the  majority  of  his  twenty  cases.  The  abnormal  rhythm  could  not  be 
produced  after  twenty  minutes  had  elapsed.  In  this  series  the  atropin 
would  not  be  expected  to  cause  A-V  rhythm,  for  the  dose  was  only 
one  half  that  used  by  Wilson  and  at  least  thirty  minutes  intervened 
before  the  beginning  of  the  observations.  Of  the  thirty-seven  cases 
receiving  atropin,  six  (16  per  cent.)  showed  a  disturbance  of  the 
pacemaker;  of  the  thirteen  cases  not  receiving  atropin,  five  (38  per 
cent.)  showed  this  change.  The  preliminary  atropin  would  seem  to 
diminish  rather  than  increase  the  chances  of  inducing  the  abnormal 
rhythm.  Concerning  morphin,  Cohn  ^^  has  shown  in  dogs  that  the 
action  of  the  drug  is  similar  to  vagus  stimulation.  In  our  forty-four 
cases  receiving  morphin,  however,  eight  patients  had  disturbances  of 
the  pacemaker,  while  of  the  six  not  receiving  it,  three  showed  these 
changes.  The  observations  are  too  few  to  warrant  any  conclusions 
as  to  the  role  that  morphin  may  play  in  the  production  of  abnormalities. 

Lack  of  Oxygen. — The  work  of  Greene  and  Gilbert  '^^  suggests  that 
anoxemia  may  be  a  factor  in  producing  A-V  rhythm;  for,  of  their 
twenty-one  soldiers  who  breathed  air  having  a  low  oxygen  tension,  six 
showed  this  disturbance.  In  none  of  our  cases  was  there  any  apparent 
lack  of  oxygen,  although  the  routine  anesthetization  in  the  operating 
room  did  not  provide  any  accurate  data  on  this  point. 

Type  of  Anesthesia.— All  of  the  anesthesias  were  given  by  one  of 
a  staff  of  three  trained  anesthetists.     Tw^enty  of  the  patients  received 


15.  Cohn,  A.  E. :  The  Effect  of  Morphin  on  the  Mechanism  of  the  Dog's 
Heart  After  Removal  of  One  Vague  Nerve,  J.  Exper.  M.  18:715,  1913. 

16.  Greene,   C.  W.,   and   Gilbert,   N.   C. :     Studies   on   the   Responses   of   the 
Circulation  to  Low  Oxygen  Tensions,  Arch.  Int.  Med.  27:517  (April)   1921. 
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ether,  thirteen  by  the  open  drop  method  and  seven  througli  an  intra- 
pharyngeal  tube,  using  the  Council  apparatus.  Twenty-two  had  nitrous 
oxid  and  oxygen,  and  eight  had  local  anesthesia  (procain).  The 
abnormal  rhythm  occurred  in  seven  (35  per  cent.)  of  the  cases  receiving 
ether,  in  three  (14  per  cent.)  of  those  receiving  gas-oxygen  and  in 
one  (12  per  cent.)  of  those  who  had  procain.  It  was  present  in  but 
15  per  cent,  of  the  cases  in  which  ether  was  given  by  the  drop  method 
but  occurred  in  70  per  cent,  (five  out  of  seven)  of  the  cases  in  which 
ether  was  given  by  means  of  a  nasal  tube  introduced  into  the  pharynx. 
Considering  all  forms  of  disturbances  of  the  heart  mechanism, 
abnormalities  were  not  more  common  with  one  kind  of  anesthesia  than 
with  another. 

Length  of  Anesthesia  and  Operation. — The  longest  period  of 
anesthesia  was  three  hours  and  five  minutes  and  the  shortest  twenty- 
two  minutes,  the  average  being  eighty-five  minutes.  Abnormalities 
were  more  frequent  in  the  longer  procedures  than  in  the  shorter  ones. 

Type  of  Operation. — The  distribution  of  operative  fields  was  as 
follows :  head,  six ;  throat  and  neck,  seven ;  chest,  one ;  intra-abdominal, 
nineteen;  extraperitoneal,  eleven;  extremities,  six.  The  chief  differ- 
ences were  noted  between  operations  involving  the  head  and  neck  and 
those  on  other  parts  of  the  body.  Of  the  former,  70  per  cent,  showed 
some  type  of  abnormality  in  the  electrocardiograph  record,  while  of  the 
latter  40  per  cent,  were  abnormal.  The  fact  that  head  operations  were 
longer  than  those  of  other  types  does  not  account  for  this  greater 
incidence  of  abnormalities,  because  abnormalities  occurred  in  almost 
every  case  during  the  early  part  of  the  operation.  A  disturbance  of 
the  pacemaker  was  present  in  46  per  cent,  of  the  thirteen  operations 
involving  the  region  above  the  clavicles,  and  in  only  13  per  cent,  of 
all  other  operations.  In  several  instances  abnormality  seemed  to  follow 
critical  steps  in  the  operative  procedure,  but  in  the  great  majority  of 
cases  no  such  relationship  was  evident. 

Frequency  of  Records. — In  five  of  the  eleven  cases  of  disturbance 
of  the  pacemaker,  the  abnormality  appeared  in  one  or  two  records  only. 
It  is  possible,  therefore,  that  other  cases  presented  abnormalities  of 
which  records  were  not  obtained.  For  all  those  cases  showing 
abnormality,  the  interval  of  time  between  records  is  the  same  as  for 
those  showing  no  abnormality. 

Tiuie  of  Occurrence. — Figure  4  presents  the  time  relations  for  cases 
showing  premature  beats  (upper  part)  and  disturbances  of  the  pace- 
maker (lower  part).  In  every  instance  except  one  the  abnormal 
rh^'thm  appeared  during  either  the  induction  of  anesthesia  or  the  first 
third  of  the  operation.  This  points  to  factors  other  than  fatigue  as 
a  cause  of  this  abnormality. 
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In  reviewing  tiie  evidence  in  this  study  it  seems  that  the  incidence 
of  a  displacement  of  the  pacemaker  is  greater  in  patients  having  head 
and  neck  operation,  intrapharyngeal  anesthesia,  or  when  preUminary 
atropin  is  omitted.  It  is  possible  that  vagal  stimulation  is  in  some  way 
concerned  in  these  procedures.  The  production  of  premature  beats 
does  not  seem  to  be  clearly  related  to  any  of  the  factors  considered. 
None  of  the  cases  showing  abnormal  electrocardiograms  gave  clinical 
evidence  during  operation  of  an  embarrassed  circulation.  Though 
abnormality  in  the  mechanism  of  the  heart  beat  occurred  with  surpris- 
ing frequency,  these  periods  were  transient  and  of  physiological  rather 
than  clinical  significance.^' 

SUMMARY 

An  electrocardiographic  study  of  fifty  cases  was  made  during 
anesthesia  and  surgical  operation. 

1.  In  many  cases  the  electrocardiographic  tracings  revealed  a  heart 
rate  considerably  faster  than  the  pulse  rate  recorded  by  the  anesthetist. 

2.  About  one  half  of  the  cases  showed  some  abnormality  of  the 
mechanism  of  the  heart  beat,  not  present  in  preliminary  tracings,  the 
most  prominent  being:  paroxysmal  auricular  tachycardia;  premature 
beats,  and  marked  displacement  of  the  cardiac  pacemaker. 

3.  Various  factors  which  might  contribute  to  the  production  of  the 
abnormalities  named  are  analyzed.  Only  those  which  might  possibly  be 
concerned  with  alterations  in  vagal  tone,  seem  to  be  of  importance. 

4.  The  observed  abnormalities  of  the  heart  beat  were  transient  and 
unassociated  with  clinical  signs  of  embarrassed  circulation.  In  the 
main,  they  were  of  physiological  rather  than  of  clinical  significance. 

\\  e  wish  to  thank  Dr.  Harvey  Gushing  and  his  associates,  as  well  as  the  staff 
of  the  operating  room,  for  their  generous  cooperation  in  this  study. 


17.  A  table  giving  detail   of   cases   appears   in   authors'   reprints. 


STUDIES     ON     THE     IMIVSIOLOGY     OF     Till:     LU'ER 

TI.       THE     EFFECT     OF     THE     REMOVAL     OF     TIH-:     LIVER     ON     THE 
BLOOD     SUGAR     LE\EL  * 

FRANK    C.    MANN,    M.D.,    and    THOMAS    BVRD    MAGATH.    M.D. 

ROCHESTER,      iMI.N'X. 

In  previous  articles/  a  method  was  described  for  the  total  removal 
of  the  liver  from  the  dog,  and  a  brief  summary  was  made  of  the  data 
obtained  from  a  series  of  studies  on  the  completely  hepatectomized 
animal.  The  present  report  deals  more  in  detail  with  one  phase  of  our 
experiments ;  namely,  the  effect  of  hepatectomy  on  the  sugar  con- 
centration of  the  blood. 

Method  for  Total  Removal  of  the  Liver  of  the  Dog. — Since  the 
method  of  removal  of  the  liver  has  been  fully  described/  only  a 
brief  description  will  be  given.  The  liver  is  removed  in  two  stages. 
All  operations  are  performed  under  ether  anesthesia  with  aseptic 
surgical  technic. 

The  first  operation  consists  of  a  reverse  Eck  fistula,  that  is,  lateral 
anastomosis  of  the  portal  vein  and  the  vena  cava  and  ligation  of  the 
latter  on  the  cephalic  side  of  the  stoma.  At  first  a  considerable  portion 
of  the  blood  from  the  posterior  portion  of  the  body  passes  through 
the  liver,  but  since  the  capillaries  of  the  liver  offer  more  resistance 
to  the  flow  of  blood  than  is  necessary  for  the  development  of  collateral 
circulation  through  the  azygos  and  internal  mammary  veins,  most  of 
the  blood  soon  passes  by  way  of  the  latter  channels. 

The  second  operation  consists  in  the  ligation  of  the  portal  vein 
at  its  entrance  into  the  liver.  This  causes  all  the  blood  from  the 
viscera  and  hind  legs  to  return  by  way  of  the  collateral  vessels,  the 
azygos,  and  the  internal  mammary  veins.  If.  as  sometimes  occurs, 
collateral  vessels  fail  to  develop  sufficiently,  as  is  recognized  by  con- 
gestion of  the  intestines  after  ligation  of  the  portal  vein,  the  occlusion 
of  the  portal  vein  is  carried  out  in  two  stages.  In  such  case  the 
ligature  is  removed  from  the  vein  which  is  partially  occluded  by  passing 


*  From  the  Division  of  Experimental  Surgery  and  Pathology,  The  Mayo 
Foundation,  and  the  Section  on  Clinical  Laboratories,  Mayo  Clinic. 
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a  blood  vessel  suture  through  the  center  and  ligating  one  side.  At  a 
later  operation  the  portal  circulation  is  entirely  occluded.  The  third 
operation  consists  of  removing  the  entire  liver.  This  is  accomplished 
without  disturbing  the  general  circulation. 

Symptoms  Following  Total  Removal  of  the  Liver  of  the  Dog. — 
The  clinical  course  of  events  is  very  definite  and  varies  but  slightly 
in  different  animals.  Recovery  from  anesthesia  and  from  the  immediate 
effects  of  the  operation  is  rapid.  One  hour  after  operation,  the 
animal  usually  appears  almost  normal,-  and  remains  so  from  three  to 
eight  hours.  During  this  period  the  animal  is  to  all  appearances 
normal;  it  walks  around,  responds  to  call,  exhibits  the  usual  interest 
in  other  dogs,  and  drinks  w^ater. 

The  onset  of  the  moribund  period  is  usually  sudden  and  the  sub- 
sequent development  of  various  symptoms  typical  and  rapid.  The  first 
symptom  noted  is  muscular  weakness.  The  animal  cannot  hold  itself 
erect,  or  avoid  swaying  when  walking,  and  prefers  to  lie  down.  The 
muscular  weakness  develops  quickly  and  in  a  short  time  the  animal 
is  unable  to  move  any  of  its  muscles,  except  those  necessary  for 
respiration.  Coincident  with  this  development  of  muscular  weakness 
is  a  decrease  and  subsequent  loss  of  reflexes.  Usually,  within  an 
hour  after  evidence  of  muscular  weakness  is  first  noted,  the  animal 
lies  quietly  breathing,  with  muscles  flaccid  and  relaxed.  This  period 
of  flaccidity  may  be  short,  but  in  a  few  animals  it  has  lasted  for 
several  hours.  After  a  variable  period,  usually  not  more  than  one 
hour,  there  is  a  rather  sudden  return  and  exaggeration  of  the  reflexes. 
Muscular  twitchings  develop,  at  first  involving  separate  muscles  or 
small  groups  of  muscles,  then  general  convulsions  occur  in  one  of  which 
the  animal  dies.  In  typical  experiments  the  animal  vomits  a  few 
seconds  before  death. 

The  symptoms  and  the  order  of  their  occurrence  are :  muscular 
weakness,  loss  of  reflexes,  flaccidity,  return  and  exaggeration  of 
reflexes,  muscular  twitchings,  and  convulsions.  The  development  of 
these  symptoms  is  extraordinarily  constant.  The  average  animal,  if 
untreated  after  hepatectomy,  dies  within  two  hours  after  the  appear- 
ance of  the  first  signs  of  muscular  weakness. 

The  blood  pressure  seems  to  be  practically  normal  while  the  animal 
is  active.  When  the  first  symptom  develops,  the  blood  pressure 
decreases  but  does  not  necessarily  fall  to  a  low  level.  The  pulse  usually 
becomes  practically  twice  as  rapid  as  normal.  Just  before  death  the 
rate  may  become  slower  than  normal.     The  heart  continues  to  beat 


2.  In  order  to  express  the  difference  between  the  hepatectomized  animal 
when  not  showing  symptoms  and  at  the  stage  just  preceding  death,  "normal" 
and  "moribmid"  have  been  employed.  "Normal"  means  that  the  animal  appears 
to  be  normal ;  "moribund,"  that  the  animal  appears  to  be  dying. 
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for  a  long  time  after  breathing  has  ceased.  The  respiration  undergoes 
certain  changes  following  operation,  varying  with  the  condition  of  the 
animal.  Often  the  animal  is  in  coma,  and  Cheyne- Stokes  type  of 
respiration  is  noted.  The  temperature  usually  continues  normal  until 
the  animal  becomes  flaccid,  although  just  previous  to  the  development 
of  muscular  weakness,  it  may  rise  one  degree  higher  than  it  was  before 
operation.      It   may   become    subnormal    before   death.      Some   of   the 
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Fig.  1. — Diagram  illustrating  the  steps  in  the  technic  of  the  removal  of  the 
liver.  At  the  first  operation  the  portal  vein  and  vena  cava  are  anastomosed 
along  the  dotted  line  and  the  first  ligature  is  placed.  At  the  second  operation, 
after  the  collateral  circulation  has  been  established,  the  second  ligature  is 
placed.  At  the  third  operation  the  liver  and  the  portion  of  the  vena  cava 
between  the  ligature  and  diaphragm  are  removed. 

animals  secrete  practically  a  normal  amount  of  urine  before  they 
develop  symptoms,  but  others  are  anuric  throughout  the  postoperative 
period. 

Previous  Observations  on  the  Symptoms  Occurring  After  Removal 
of  the  Liver. — Some  of  the  symptoms  noted  after  exclusion  or  removal 
of  the  liver  have  been  observed  by  previous  investigators  who  particu- 
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larly  noted  the  convulsions  and  coma.  Minowski "  observed  these 
symptoms  in  some  of  his  geese  after  extirpation  of  the  liver.  Kausch  * 
I)articularly  emphasized  the  occurrence  of  convulsions  in  his  study 
of  hepatectomized  geese.  Hahn,  Maassen,  Nencki  and  Pawlow  ^  noted 
muscular  twitchings,  convulsions,  and  coma  in  dogs  in  which  Eck 
fistulas  had  been  made  and  the  hepatic  artery  ligated.  Doyon,  Gautier 
and  Policard  "  record  the  development  of  typical  convulsions  in  frogs 
following  removal  of  the  liver.  Whipple  and  Hooper '  observed 
muscular  twitchings  in  dogs  with  Fxk  fistulas  and  ligation  of  the 
hepatic  artery.  Matthews  and  Miller  "^  report  that  animals  in  which 
the  hepatic  artery  was  ligated  some  weeks  after  the  making  of  an 
Eck  fistula  became  comatose  from  eight  to  twelve  hours  after  the 
ligation. 

The  study  most  comparable  to  ours  was  made  by  Perroncito,^ 
who  removed  the  liver  with  little  disturbance  of  the  circulation,  and 
the  animals  developed  the  characteristic  symptoms  of  hepatic  insuf- 
ficiency. His  description  of  the  symptoms  corresponds  quite  closely 
to  our  own. 

The  failure  of  previous  investigators  to  observe  the  production  of 
a  definite  group  of  symptoms  may  be  owing  to  several  causes.  In  most 
investigations  the  experiments  were  performed  in  order  to  obtain 
definite  data  with  regard  to  a  particular  fact  concerning  the  liver ; 
practically  all  the  experiments  were  complicated  by  marked  derangement 
of  the  circulation  or  by  an  anesthetic  or  narcotic  so  that  symptoms 
could  not  be  observed. 

In  a  large  number  of  studies  on  hepatectomized  animals  the  most 

pronounced  and  constant  phenomenon  which  attracted   our  attention 

was  a  progressive,  invariable  decrease  in  the  sugar  content  of  the  blood. 

Previous  Work  on  the  Effect  on  Blood  Sugar  of  Removal  of  the 

Liver. — The  first  experiments  on  the  effect  of  exclusion  of  the  liver 
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on  blood  sugar  seem  to  have  been  made  by  Bock  and  II oilman.'"  Thcv 
excluded  the  liver  from  rabbits  by  ligating  the  abdominal  aorta,  portal 
vein,  and  inferior  vena  cava  between  the  entrance  of  the  renal  and 
the  hepatic  veins.  Specimens  of  blood  were  obtained  from  the  heart  by 
passing  an  obturator  through  the  inferior  vena  cava.  Animals  thus 
operated  on  lived  from  two  to  fifty  minutes.  The  blood  sugar  decreased, 
and  no  sugar  could  be  found  in  the  blood  of  animals  living  as  long  as 
forty-four  minutes.  These  experiments  have  been  severely  criticized 
by  subsequent  workers  becau.se  the  circulation  is  so  greatly  damaged 
by  the  procedure. 

Minowski,^  in  his  classical  research  on  the  effect  ()f  removal  of  the 
liver  in  geese,  noted  a  decrease  in  blood  sugar.  Seegen  ^^  excluded 
the  liver  in  dogs  by   ligation  of   the  aorta  and  vena   cava  above  the 


Fig.  2. — Side  of  the  abdominal  wall  of  animal  showing  the  dilated  veins  of 
the  skin  which  follow  the  operative  procedures  necessary  to  prepare  the  ani- 
mal for  total  removal  of  the  liver.  In  many  animals  these  veins  do  not  dilate 
but  the  entire  collateral  circulation  is  developed  through  the  great  azygos  vein. 

diaphragm.  The  animals  lived  from  twenty  to  .seventy  minutes.  A 
marked  reduction  in  the  blood  sugar  was  observed.  Schenck  '-  ligated 
the  base  of  the  liver,  probably  obstructing  both  the  portal  vein  and  the 
vena  cava.   A  decrease  in  blood  sugar  was  noted.   Kaufmann  '■■  repeated 


10.  Bock,  C.  and  Hoffman,  F.  .\. :  Experimental  Studien  ul)er  Diabetes. 
Berlin,  H.  E.  Oliven.  1874. 

11.  Seegen,  J.:  Die  Zuckerbildung  im  Thierkarpor,  ihr  Umfang  und  ihre 
Bedeutung,  Berlin,  A.  Hirschwald,   1890. 

12.  Schenck,  F. :  Ueber  den  Zuckergchalt  des  Blutes  nach  Ijlutentziehung, 
.^rch.  f.  d.  ges.  Physiol.  57:553,  1894. 

13.  Kaufmann,  M. :  Xouvelles  recherches  sit  la  pathogenic  du  diabete  pan- 
creatique.  Compt.  rend.  Acad.  d.  Sc.  118:656,  1894;  De  I'nfluence  exercee  par 
la  suppression  partielle  ou  totale  de  la  fonction  hepatique  sur  la  glycemie  chez 
les  animaux  normaux  et  diabetiques.  Arch,  de  physiol.  norm,  et  path.  8:151,  1896. 
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Seegen's  experiments ;  that  is,  he  Hgated  the  aorta  and  inferior  vena 
cava  above  the  diaphragm  in  dogs  and  observed  a  rapid  diminution 
of  sugar  in  the  blood.  His  animals  lived  for  about  one  hour.  Kausch  * 
repeated  Minkowski's  work  on  geese  and  corroborated  the  latter's  find- 
ings with  regard  to  a  decrease  in  blood  sugar  after  removal  of  the 
liver.  Macleod  and  Pearce  ^*  restricted  the  circulation  in  dogs  to  the 
anterior  portion  of  the  body  and  obtained  a  rapid  reduction  in  blood 
sugar. 

Pavy  and  Siau  ^^  performed  experiments  on  cats  and  dogs.  In  the 
former,  all  the  viscera  were  removed  except  the  liver ;  in  the  latter 
the  liver  and  the  other  organs  also  were  removed.  The  blood  sugar 
progressively  dropped,  but  was  never  wholly  depleted. 


Fig.  3. — The  blood  sugar  was  estimated  before  operation.  O  :  Liver  removed. 
S:  Animal  moribund.  D:  Blood  of  two  animals  taken  at  the  time  of  death. 
All  the  animals  were  kept  as  nearly  as  possible,  under  the  same  conditions. 
Note  the  marked  decrease  and  the  rather  constant  level  at  which  the  animals 
became  moribund.  The  average  curves  of  blood  sugar  were  taken  from  this 
group. 

Investigations  of  the  effect  of  the  removal  or  exclusion  of  the  liver 
on  blood  sugar,  therefore,  show  that  a  reduction  of  blood  sugar  was 
obtained  in  each  instance.  Most  investigators  have  attributed  little  sig- 
nificance to  this  fact.  The  liver  was  not  surgically  removed  from  any  of 
the  animals  except  the  goose.  The  dift'erent  methods  of  exclusion  entailed 
a  very  great  alteration  in  the  circulation  and,  except  in  those  experi- 
ments in  which  the  circulation  was  restricted  to  the  anterior  part  of 
the  body,  a  great  loss  of  blood  must  have  occurred  from  congestion. 

14.  Macleod,  J.  J.  R.,  and  Pearce,  R.  G. :  The  Sugar  Consumption  in  Normal 
and  Diabetic  (depancreated)  Dogs  After  Evisceration,  Am.  J.  Physiol.  32: 
184,  1913. 

15.  Pavy,  F.  W.,  and  Siau,  R.  L.:  The  Influence  of  Ablation  of  the  Liver 
on  the  Sugar  Contents  of  the  Blood,  J.  Physiol.  29:375,  1903. 


MANN-MAGATH— PHYSIOLOGY    OF    LIVER  79 

The  method  of  experimentation  and  length  of  life  after  operation,  with 
the  exception  of  experiments  with  geese,  precluded  any  correlation 
between  the  reduction  of  blood  sugar  and  the  development  of  symptoms. 

Methods  of  Blood  Sugar  Estimation. — A  specimen  of  blood  for 
estimation  of  blood  sugar  was  obtained  from  the  jugular  vein  before 
operation.  The  liver  was  removed  under  ether  anesthesia  and  sterile 
technic.  In  most  experiments  another  specimen  of  blood  for  the 
estimation  of  blood  sugar  was  taken  immediately  after  operation  and 
then  at  hourly  intervals  until  the  animal  was  moribund.  In  a  few 
experiments  only  two  blood  sugar  estimations  were  made,  one  just 
before  operation  and  the  other  when  the  animal  became  moribund. 

The  blood  sugar  concentration  was  estimated  by  the  Benedict  ^^ 
modification  of  the  Lewis-Benedict  method.  Our  collaborators,  who 
made  most  of  the  estimations,  had  had  an  enormous  experience  with 
this  method  in  the  clinical  laboratory,  the  records  of  which  could  be 
used  as  controls  of  our  estimations.  Moreover,  it  was  early  foreseen 
that  it  would  be  necessary  to  make  a  very  large  number  of  blood  sugar 
estimations,  and  this  method  was  preferred  for  quantity  work.  After 
the  investigation  was  well  under  way,  parallel  estimations  were  run 
by  two  other  methods,  that  of  Folin  and  Wu  ^^  and  Maclean's  ^^  modi- 
fication of  Bang's  method,  each  of  which  was  very  difficult  to  employ 
in  estimating  low  concentrations  of  blood  sugar.  Hitherto,  most  studies 
in  blood  sugar  have  dealt  with  normal  or  high  values ;  our  investiga- 
tion dealt  mainly  with  subnormal  and  very  low  values.  For  these 
reasons  the  Benedict  modification  of  the  Lewis-Benedict  method  was 
most  satisfactory. 

It  is  recognized  that  there  may  be  substances  other  than  glucose 
in  the  blood  capable  of  reducing  picric  acid  or  copper  sulphate.  It  is 
possible  that  in  our  determinations  the  results  have  included  some 
of  these  substances.  However,  this  in  no  wise  invalidates  our  general 
results  for  in  each  instance  the  same  condition  resulted  in  the  same 
rises  and  falls  and,  as  will  be  shown,  the  evidence  is  overwhelming 
in  substantiating  the  statement  that  glucose  only  was  being  determined. 

All  the  work  has  been  controlled  carefully.  The  operative  work  and 
the  taking  of  blood  specimens  was  done  in  one  laboratory  by  one  group 
of  workers  and  blood  sugar  estimations  were  made  in  another  laboratory 
by  another  group  of  workers.  The  specimens  of  blood  were  imme- 
diately marked   with  the  animal's  number  and  the  specimen  number 


16.  Benedict,  S.  R. :  A  Modification  of  the  Lewis-Benedict  Method  for  the 
Determination  of  Sugar  in  the  Blood,  J.  Biol.  Chem.  34:203,   1918. 

17.  Folin,  O.,  and  Wu,  H. :  A  System  of  Blood  Analysis.  Supplement  I.  A 
Simplified  and  Improved  Method  for  Determination  of  Sugar,  J.  Biol.  Chem. 
41:367,  1920. 

18.  Maclean,  H.,  and  de  Wesselow,  O.  L.  V. :  The  Estimation  of  Sugar 
Tolerance,  Quart.  J.  M.  14:103.  1921. 
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and  sent  to  the  laboratory.  The  worker  who  niade  the  blood  sugar 
estimations  had  no  knowledge  of  the  character  of  the  experiment. 
At  the  conclusion  of  the  experiment  the  data  from  the  two  laboratories 
were  correlated,  thus  completing  the  experiment. 

In  a  few  experiments  estimations  of  the  glycogen  content  of  the 
muscles  were  made  before  and  after  removal  of  the  liver;  the  method 
employed  for  the  separation  and  estimation  of  the  glycogen  was  that 
described  by  Pfliiger.^^ 

The  Effect  of  Environmental  Factors  on  the  Blood  Sugar. — The 
effect  of  the  operative  procedure  for  obtaining  the  specimen  for  blood 
sugar  estimation  has  been  repeatedly  emphasized  as  a  complicating 
factor  in  all  experimental  data  on  blood   sugar. 2°     It  is  undoubtedly 
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Fig.  4. — The  average  change  in  blood  sugar  noted  in  thirteen  dogs  follow- 
ing removal  of  the  liver.  O  :  Point  at  which  the  liver  was  removed,  S :  Point 
at  which  the  animal  became  moribund. 


true  that  such  a  procedure,  or  any  procedure  which  may  excite  or 
frighten  an  animal,  may  cause  a  change  in  blood  sugar.  In  our  expe- 
rience of  several  thousand  blood  sugar  estimations  on   dogs,   such   a 
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ing in  Relation  to  Animal  Life.  J.  Physiol.  24:479,  1899. 
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complicating  factor  is  of  very  slight  significance  in  most  experiments. 
Our  observations  show  that  if  blood  sugar  estimations  made  every 
quarter  or  half  hour,  for  a  period  of  four  to  six  hours,  are  plotted 
against  the  time,  the  resulting  graph  is  practically  a  straight  line.  The 
efifect  of  environmental  factors  could  only  be  of  importance  in  experi- 
ments in  which  very  slight  changes  of  a  hyperglycemic  character  were 
being  observed.  In  the  series  of  experiments  reported  in  this  paper, 
this  factor  was  negligible  because  we  were  studying  hypoglycemia. 

The  Results  on  the  Blood  Sugar  Level  of  Total  Hcpatcctomy  in 
the  Dog.- — In  our  experiments  a  decrease  in  blood  sugar  has  always 
occurred  after  the  total  removal  of  the  liver.  Of  greater  interest, 
however,  is  the  fact  that  the  amount  of  blood  sugar  exactly  paralleled 
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Fig.  5. — O :  Liver  removed.  S  :  Symptoms  developed.  First  curve  shows 
decrease  in  blood  sugar  following  removal  of  the  liver.  Second  curve  shows 
parallel  decrease  in  the  muscle  glycogen  following  removal  of  the  liver. 

the  clinical  condition.  The  blood  sugar  in  our  animals  l^efore  removal 
of  the  liver  was  usually  slightly  lower  than  the  average  for  normal 
dogs.  This  is  to  be  attributed  to  the  fact  that  the  portal  blood  supply 
of  the  liver  had  been  deflected,  as  the  average  blood  sugar  of  dogs  with 
true  Eck  fistulas  has  also  been  slightly  below  the  average  for  normal 
dogs.  The  anesthesia  and  operative  procedure  of  hepatectomy  did  not 
cause  the  hyperglycemia  which  is  usually  noted  after  anesthesia  and 
operative  procedure  on  norma'l  dogs.  The  blood  sugar  concentration 
inunediately  after  hepatectomy  was  the  same  or  less  than  that  j)receding 
operation,  and  very  rarely  0.01  per  cent,  higher ;  it  decreased  during  the 
period  the  animal  appeared  normal.  The  level  of  blood  sugar  at  which 
the  first  symptoms  developed  was  usually  quite  definite  and  coordinate 
in  the  dififerent  animals.     In  most  of  the  dogs  this  was  0.05  per  cent. 
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In  some  instances  the  first  symptoms  were  noted  when  the  blood  sugar 
was  0.06  per  cent,  and  often  when  it  was  0.04  per  cent.  The  blood 
sugar  decreased  quite  rapidly  after  the  onset  of  convulsions  and  at  the 
time  of  death  was  usually  not  in  excess  of  0.03  per  cent.  This  direct 
relationship  of  blood  sugar  and  the  development  of  symptoms  and 
death  was  so  constant  that  the  blood  sugar  could  be  estimated  correctly 
after  an  examination  of  the  animal's  clinical  condition  when  it  showed 
symptoms. 

The  Effect  of  Hepatectomy  on  the  Glycogen  Content  of  the  Muscles. 
— In  one  carefully  performed  experiment  a  specimen  of  muscle  was 
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Fig.  6. — O:   Liver   removed.     R:  Animal  appeared  normal.     S:    First  evi- 
dence of  muscular  weakness.     C :  Convulsions.     D  :  Animal  died. 


excised  at  the  same  time  the  liver  was  removed.  When  the  animal 
became  moribund,  another  specimen  of  muscle  was  taken.  An  estima- 
tion of  the  glycogen  content  of  these  two  specimens  of  muscle  revealed 
that  the  glycogen  had  decreased  about  50  per  cent. 

The  Effect  on  Blood  Sugar  of  Removal  of  the  Liver  of  the  Goose, 
Frog,  Fish,  and  Turtle. — In  all  of  these  species  the  portal  vein  may 
drain  into  the  general  venous  system  without  passing  through  the  liver, 
and  the  liver  is  not  so  intimately  related  to  the  vena  cava  as  it  is  in 
mammals.  It  is  thus  possible  to  remove  the  entire  liver  without 
obstructing  the  portal  or  vena  cava  circulation. 
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We  have  corroborated  the  findings  of  Minkowski  and  Kausch 
A'ho  obtained  a  reduction  in  blood  sugar  by  removal  of  the  liver  from 
the  goose.  The  effects  of  extirpation  of  the  liver  in  the  goose  differ 
slightly  from  those  obtained  in  the  dog.  The  symptoms  are  not  so 
marked  and  the  blood  sugar  does  not  fall  so  low.  The  length  of  life 
after  operation  varied  from  eight  to  twenty  hours.  The  main  symptoms 
were  muscular  twitchings  and  convulsions. 

The  liver  of  the  frog  has  been  removed  by  other  investigators.  This 
species  was  of  no  value  in  our  problem  because  the  level  of  blood 
sugar  in  the  normal  animal  is  so  low.  In  all  the  specimens  of  frog's 
blood  examined  the  normal  value  was  from  0.03  to  0.04  per  cent. 
These  observations  were  made  on  fasting  frogs  in  captivity  and  the 
blood  sugar  might  have  been  higher  than  this  immediately  after  the 
animal  was  captured.  The  length  of  life  after  operation  varied  greatly 
in  this  species.  Some  frogs  died  within  eight  hours  after  hepatectomy, 
although  one  lived  eight  days.  A  frog  might  live  normally  for  several 
days  after  total  removal  of  the  liver  and  then  become  flaccid  and  die 
within  half  an  hour  after  the  appearance  of  symptoms.  They  did 
not  develop  marked  symptoms.  At  death  the  blood  sugar  was  too  low 
to  estimate. 

The  fishes  studied  (gar  pike  and  dogfish)  had  a  high  blood  sugar; 
removal  of  the  liver  caused  a  marked  decrease.  The  efi^ect  on  the 
turtle,  which  normally  also  has  a  relatively  high  blood  sugar  value, 
was  the  same  as  on  the  fishes,  namely  a  marked  decrease  of  blood 
sugar. -^ 

DISCUSSION 

Our  data  prove  conclusively  that:  (1)  the  total  removal  of  the 
liver  is  always  followed  immediately  by  progressive  decrease  in  the 
sugar  content  of  the  blood,  and  (2)  the  development  of  the  characteristic 
symptoms,  which  quickly  led  to  death,  exactly  paralleled  this  decreas- 
ing blood  sugar  level.  Certain  symptoms  appeared  when  a  definite 
blood  sugar  value  was  reached,  others  occurred  when  the  level  had 
decreased,  and  death  occurred  at  a  fairly  constant  point  in  relation 
to  blood  sugar.  These  facts  may  be  explained  variously,  but  there  are 
two  main  possibilities.  The  symptoms  and  death  and  the  decreasing 
blood  sugar  may  be  dependent  on  some  third  unknown  factor  or  factors, 
or,  as  is  probably  true,  the  blood  sugar  and  symptoms  may  bear  a 
relationship  of  cause  and  effect.  Concerning  the  first  possibility  we 
have  no  data  and  at  present  it  must  remain  as  a  mere  possibility.  It 
seems  to  us  that  the  exact  relationship  between  the  blood  sugar  level  and 
the  development  of  symptoms  and  death  following  hepatectomy  is 
based  on  cause  and  effect.    The  removal  of  the  liver  causes  a  decrease 


21.  These  two  species  will  be  discussed  in  a  separate  paper. 
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in   blood   sugar   and    when  a   certain   point   is    reached,   characteristic 
symptoms  develop ;  when  a  lower  level  is  reached  death  occurs. 

Why  the  blood  sugar  disappears  after  hepatectomy  is  another 
problem  with  two  main  possible  explanations.  Removal  of  the  liver 
may  allow  some  toxic  substance  in  the  blood  to  develop  and  combine, 
chemically  or  physically,  with  the  glucose  and  this  may  be  responsible 
for  the  symptoms  and  death  of  the  animal.  The  truth  of  this  is  not 
supported  by  any  evidence.  A  more  plausible  explanation  of  the 
cause  of  the  decrease  in  blood  sugar  is  that  hepatectomy  removes  either 
the  control  of  the  sugar  supply  or  sugar  utilization,  and  the  symptoms 
and  death  are  actually  due  to  a  lack  of  glucose  as  food.  Removal  of 
the  liver  may  produce  a  depletion  in  the  carbohydrate  material  of  the 
body  either  directly  by  removal  of  the  store  of  carbohydrates  and  the 
place  of  its  elaboration,  or  indirectly  by  removal  of  a  substance  which 
has  to  do  with  carbohydrate  utilization.  The  latter  possibility  might 
b€  brought  about  in  one  of  two  ways:  (1)  either  directly  by  controlling 
the  rate  of  glucose  metabolism,  or  (2)  indirectly  by  controlling  the  rate 
of  protein  or  fat  metabolism. 

SUMMARY 

There  is  a  marked  and  progressive  decrease  in  the  blood  stigar 
following  total  removal  of  the  liver.  The  glycogen  content  of  the 
muscles  also  decreases.  Coincident  with  this  decrease  in  blood  sugar, 
a  characteristic  group  of  symptoms  develop  and  progress  until  death 
occurs.  This  eiTect  of  hepatectomy  on  blood  sugar  has  been  observed 
in  markedly  different  species ;  namely,  dog.  goose,  turtle,  and  fish. 
In  each  species  investigated,  removal  of  the  liver  produced  a  marked 
decrease  in  blood  sugar.  The  relationship  of  the  decrease  in  blood 
sugar  and  the  development  of  the  characteristic  symptoms  seems  to  be 
one  of  cause  and  effect. 


THE     ELIMINATION     OF    ARSENIC     IN     THE     URINE 
OF     SYPHILITIC     PATIENTS     AFTER     INTRAVE- 
NOUS    INJECTION     OF     ARSPHENAMIN* 

CHARLES    WEISS,    Ph.D.,    and    GEORGE    W.    RAIZISS,    Ph.D. 

PHILADELPHIA 

Although  the  hterature  on  arsphenamin  has  become  extremely 
voluminous,  yet  there  are  relatively  few  reports  of  work  done  on 
the  important  subject  of  arsenic  elimination  after  intravenous  injec- 
tion of  this  drug  in  which  the  arsenic  determinations  have  been  made 
by  modern,  accurate  methods.  Moreover,  the  older  literature  from 
1910  to  1913  deals  mostly  with  the  intramuscular  and  subcutaneous 
methods  of  administration  which  are  no  longer  in  vogue  today.  For 
this  reason,  it  has  been  deemed  advisable  to  reinvestigate  this  subject 
on  a  series  of  carefully  controlled  patients  with  the  use  of  more  recent 
and  acceptable  methods. 

REVIEW     OF     THE     LITERATURE 

The  literature  up  to  1913  has  been  thoroughly  reviewed  by  Ullman.^ 
We  have  gone  over  this  literature  and  after  thorough  analysis,  have 
decided  to  omit  from  this  discussion  the  work  of  those  authors  -  who 
used  inadequate  methods  for  the  destruction  of  the  organic  matter  of 
the  urine  or  tissues  or  for  the  quantitative  determination  of  arsenic. 

Frenkel-Heiden  and  E.  Navassart  ^  in  1913  published  carefully 
obtained  data  on  arsenic  elimination  after  intravenous  injections  of 
arsphenamin.  They  used  the  sulphuric  and  nitric  acid  method  for 
destroying  organic  matter  and  the  Marsh  mirror  method  for  estimating 
arsenic  as  metallic  arsenic.  After  a  dose  of  0.6  gm.  they  detected  in 
the  urine  during  the  first  three  days  after  injection  5.10,  1.40  and 
0.08  mg.,  respectively,  of  arsenic.  This  gives  6.58  per  cent,  elimina- 
tion in  three  days.  During  the  next  ten  days  small  amounts,  0.15, 
0.80,  0.10,  etc.,  to  0.07  mg.  were  detected.  In  another  ])atient  with 
the  same  dose  (0.6  gm. )  only  1.6  per  cent,  was  eliminated  in  the  first 
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three  days  and  somewhat  larger  quantities  were  ehminated  during  the 
succeeding  ten  days.  The  figures  beginning  with  the  first  day  are 
1.8,  0.8,  0.2,  0.6,  0.2,  0.4,  0.1  mg.  arsenic,  etc. — down  to  unweighable 
traces  from  the  seventeenth  to  the  twentieth  day.  With  smaller  doses 
(0.4  gm.)  their  figures  were  similar:  5.6,  0.5,  1.1,  0.4,  0.1  mg.,  etc.— to 
0.07  mg.  in  one  case  and  0.5,  0.3.  0.7,  0.5,  etc.,  to  0.1  mg.  in  another 
case.  In  the  latter  case  the  feces  showed  on  the  corresponding  days 
4.6,  10.3,  7.3,  2.1,  1.0,  0.8,  0.9  and  0.5  mg.  arsenic,  respectively.  The 
amount  of  arsenic  eliminated  in  the  feces  was  therefore  almost  eight 
times  as  great  as  that  in  the  urine. 

Ullman,^  who  made  many  valuable  contributions  to  the  toxicolog}- 
of  arsphenamin,  published  a  limited  number  of  daily  analyses  on  the 
urine  and  feces  of  patients  receiving  intravenous  injections  of  arsphen- 
amim.  He  used  the  hydrochloric  acid  potassium  chlorate  method  for 
destroying  organic  matter  and  determined  arsenic  by  the  Marsh  mir- 
ror method  after  converting  it  into  a  sulphide.  His  own  check  analyses 
indicate  that  26  per  cent  of  the  arsenic  was  lost  in  the  process  of 
destruction  of  organic  matter.  In  the  urine  of  the  first  of  his  series 
of  patients  who  received  0.4  gm.  arsphenamin  intravenously,  he 
detected  during  the  first  three  days  3.9,  3.1  and  1.4  mg.  arsenic, 
respectively.  This  is  equivalent  to  a  total  of  7  per  cent,  of  the  amount 
of  arsenic  administered.  With  doses  of  0.3  gm.  arsphenamin  he  found 
in  one  patient  4.6,  2.2  and  1.6  mg.  arsenic,  respectively,  during  the 
first  three  days,  and  in  another  patient  8.2,  2.7,  0.3,  0.8  and  0.1  mg., 
respectively,  during  the  first  five  days.  The  percentages  of  elimina- 
tion during  the  first  three  days  were  9.3  and  12.2  per  cent.,  respectively. 
The  work  of  Willcox  and  Webster,*  although  very  important  from 
a  toxicologic  standpoint,  unfortunately  does  not  include  daily  analyses 
of  the  urines.  For  this  reason  it  is  difficult  to  make  comparisons.  We 
may  say,  nevertheless,  that,  in  general,  the  quantities  detected  by  them 
are  not  much  dift'erent  from  ours.  In  a  study  of  the  feces  of  one 
case  they  determined  daily  eliminations  of  1.06,  1.90  and  1.29  mg. 
arsenic,  respectively,  making  a  total  of  4.25  mg.  arsenic  during  the 
first  three  days  following  intravenous  injection  of  a  0.6  gm.  dose  of 
arsphenamin. 

Almost  simultaneously,  Lockemann  ^  published  extensive  analyses, 
using  an  improvement  of  the  Marsh  mirror  method.  After  an  intra- 
venous injection  of  0.38  gm.  arsphenamin  (114  mg.  arsenic)  the 
amounts  eliminated  during  the  first  thirteen  days  were  1.86,  0.36,  0.27, 
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0.29,  0.18,  0.03.  0.11,  0.07,  0.03,  0.05,  0.09.  0.02  and  0.04  mg.,  arsenic, 
respectively.  This  represents  a  total  elimination  of  2.98  per  cent, 
arsenic  or  2.1  per  cent,  during  the  first  three  days.  Eight  other  cases 
injected  with  either  arsphenamin  or  neo-arsphenamin  in  which  analy- 
ses were  not  made  daily,  showed  somewhat  larger  percentages  of 
elimination. 

The  most  recent  work  is  that  of  Bergman."  He  used  the  acid 
permanganate  method  of  Lehmann  for  the  destruction  of  organic  mat- 
ter in  the  urine  and  an  original  distillation  and  iodimetric  method  for 
determining  arsenic.  His  paper  is  rather  unique  in  that  he  studied 
the  elimination  of  arsenic  after  minute  doses  of  neo-arsphenamin, 
from  24  to  96  mg.,  and  representing  from  4.82  to  19.30  mg.  metallic 
arsenic.  He  injected  the  drug  both  in  a  menstruum  of  the  patients'  own 
serums  and  in  physiological  solution  of  sodium  chlorid. 

In  a  series  of  three  patients,  using  the  smallest  of  these  doses  in 
menstruum  of  the  patient's  serums,  he  obtained  the  following  percent- 
age of  elimination  during  the  first  three  days  following  injection: 
45.2,"  and  45.2  per  cent.,  respectively.  With  the  largest  of  the  doses 
the  corresponding  percentages  were  18.7,  12.1,  and  19.6.  When  the 
drug  was  dissolved  in  physiological  solution  of  sodium  chlorid  and 
injected  into  three  other  patients  in  similar  doses,  the  percentages  of 
elimination  were:  70.0,  39.8  and  53  with  the  smallest,  and  48.0,  44.0 
and  52  with  the  largest  of  the  doses,  respectively.  Bergmann's  work 
is  intended  to  show  that  there  is  more  rapid  elimination,  and,  there- 
fore, less  storage  when  the  drug  is  dissolved  in  saline,  rather  than  in 
the  patients'  own  serum.  He  recommends  the  latter  method  on  the 
ground  that  there  are  fewer  clinical  "reactions"  observed.  It  would 
seem  to  us  that  Bergmann  has  not  studied  a  sufficient  number  of 
patients  to  warrant  his  conclusions.  Moreover,  when  working  with 
such  minute  amounts  of  arsenic,  the  errors  in  estimation  and  hence 
in  calculation  of  percentages  become  very  large. 

METHODS     OF     INVESTIGATION 

The  present  study  was  conducted  on  three  cases  of  tertiary  syphilis 
with  optic  atrophy.  The  patients  were  kept  in  a  ward  on  a  hospital 
diet  and  their  water  intake  was  controlled.  Chemical  studies  of  the 
blood  which  were  made  simultaneously  have  been  reported  in  a  sepa- 
rate  communication   by   Weiss   and   Corson.*     The   injections   of   0.6 
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gm.  doses  of  alkalized  arsphenamin  were  always  given  at  about  11 
a.  m.  before  breakfast.  The  drug  was  dissolved  in  about  120  c.c.  of 
distilled  water.  The  urines  were  collected  quantitatively  for  twenty- 
four  hour  periods,  preserved  with  toluene  and  analyzed  within  two 
or  three  days. 

Before  selecting  the  methods  of  analysis,  including  the  technic  for 
destruction  of  organic  matter  in  the  urine  and  the  quantitative  deter- 
mination of  minute  amounts  of  arsenic,  a  comparative  study  was  made 
by  Messrs.  Gavron,  Blatt  and  one  of  the  authors  of  this  Institute 
of  several  existing  methods,  including  those  of  Fresenius  and  von  Babo 
and  the  Marsh-Berzelius  as  described  by  Hawk  ^  and  of  the  Scott  ^'^ 
and  Bang  "  methods.  A  modification  of  the  Green  ^^  iodometric  micro- 
titration  method  was  finally  adopted.  A  description  of  this  technic  as 
well  as  analytical  figures  with  the  various  methods  tested  will  be  found 
in  a  separate  report  by  Raiziss,  Gavron  and  Blatt. ^^ 

RESUME     AND     ANALYSIS     OF     RESULTS 

The  details  of  the  analyses,  the  intervals  of  injection  and  various 
notes  concerning  the  patients  are  given  in  Tables  1  and  2.  The  dose 
was  always  0.6  gm.  of  alkalized  arsphenamin  administered  intra- 
venously in  120  c.c.  of  distilled  water,  given  fortnightly,  weekly  or 
semi-weekly,  as  described  below. 

Case  1. — T.  M.,  male,  aged  38.  Optic  atrophy  (Table  1).  Chancre  ten 
years  ago.  Under  continuous  arsphenamin  treatment  during  the  past  two  and 
one-half  years. 

This  patient  showed  normal  values  for  blood  urea,  sugar  and  nonprotein- 
nitrogen  before  this  study  was  begun.  The  details  of  the  subsequent  changes 
in  the  blood  will  be  found  in  a  separate  communication.^  Very  small  amounts 
of  arsenic  were  found  in  the  urine  before  injection,  this  patient  having  been 
under  continuous  treatment  for  many  years.  The  patient  stated  he  always 
suffered  mild  reactions  after  injections.  After  this  dose  of  0.6  gm.,  there  was 
nausea  and  occasional  vomiting  which  lasted  until  the  next  morning.  During 
the  first,  second  and  third  days,  the  following  amounts  of  arsenic  were  found 
in  the  daily  twenty-four  hour  specimens  of  urine :  7.39.  3.12  and  1.47  mg.  metallic 
arsenic,  respectively.  This  is  equivalent  to  an  elimination  of  6.3  per  cent, 
in  three  days.  During  the  succeeding  ten  days  the  amounts  gradually  dimin- 
ished until  they  reached  a  level  of  about  0.11  mg.  on  the  thirteenth  and  four- 
teenth days  after  the  injection.  A  mild  retention  of  nitrogen  was  indicated  in 
the  blood   findings. 
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A  second  dose  of  0.6  gm.  was  given  a  fortnight  after  tlu-  first.  The 
"reaction"  this  time  was  much  more  severe.  There  was  vomiting,  olyguria, 
bile-tinged  urine,  diarrhea  and  pain  in  the  legs.  The  blood  findings  indicated 
a  more  definite  nitrogen  retention.  During  the  first  three  days  there  were 
eliminated  9.79,  4.22  and  2.59  mg.  metallic  arsenic,  respectively.  This  repre- 
sents 8.8  per  cent,  elimination.  The  succeeding  days  showed  gradually  declin- 
ing figures,  reaching  a  level  of  from  0.53  to  0.58  mg.  arsenic  from  the  twelfth 
to  the  fourteenth  days. 

A  third  injection  of  0.6  gm.  arsphenamin  was  followed  by  a  mild  reaction — 
vomiting  and  headache — until  the  next  morning.  During  the  first  three  days 
the  elimination  was  7.46,  2.80  and  2.09  mg.  arsenic,  respectively,  giving  6.56 
per  cent.  There  was  evidence  of  mild  retention  of  nitrogen  in  the  blood  during 
the  next  few  days. 

Case  2. — M.  J.,  male,  aged  38.     Optic  atrophy   (Table  1). 

This  patient  showed  values  for  total  nonprotein  nitrogen  slightly  above 
normal  before  this  study  was  begun.  He  had  been  under  continuous  ars- 
phenamin treatment  for  the  past  two  years  and  showed  small  amounts  of 
arsenic  in  the  urine.  After  an  injection  of  0.6  gm.  arsphenamin,  there  was 
a  mild  reaction  characterized  by  vomiting.  There  was  evidence  of  mild 
nitrogen  retention  in  the  blood  following  the  injection.  During  the  first  three 
days,  the  amounts  of  arsenic  eliminated  in  the  urine  were:  2.12,  4.33  and  2.07 
mg.,  respectively.  This  is  equivalent  to  4.5  per  cent.  In  the  vomitus  0.85  mg. 
arsenic  were  detected.  During  the  succeeding  days  the  amounts  of  arsenic 
gradually  fell,  0.69  mg.  being  found  during  the   last   days   of  the   fortnight. 

Case  3.— K.  W.,  male,  aged  39.     Optic  atrophy   (Table   1). 

This  patient  had  been  under  treatment  for  many  years  and  showed  traces 
of  arsenic  in  his  urine.  His  blood  showed  values  of  nonprotein  nitrogen  only 
slightly  above  normal.  The  injection  of  the  first  dose  of  0.6  gm.  arsphenamin 
was  followed  by  slight  chills,  but  no  other  untoward  reaction.  There  was 
no  evidence  of  increased  nitrogen  retention  in  the  blood  after  this  or  any  of 
the  succeeding  injections.  During  the  first  three  days  there  were  eliminated 
3.10,  1.15  and  1.36  mg.  arsenic,  respectively,  or  2.97  per  cent.  The  amounts 
gradually  diminished  to  small  traces  by  the  end  of  the  fortnight.  A  second 
injection  of  0.6  gm.  was  then  given,  and  the  following  amounts  were  eliminated 
daily:  6.85.  2.61  and  1.49  gm.  arsenic,  or  5.8  per  cent,  in  three  days.  A  third 
dose  was  now  administered  with  the  following  results:  5.13,  3.23  and  1.35  mg. 
arsenic,  or  5.19  per  cent.  During  the  following  days  the  figures  were  2.61,  1.36, 
1.57,  etc.,  reaching  a  level  of  0.44  mg.  arsenic  at  the  end  of  the  fortnight. 

DISCUSSION 

A  glance  at  Tables  1  and  2  reveals  the  fact  that  very  small  quan- 
tities of  arsenic,  detectable  only  by  very  delicate  methods  of  analysis, 
are  found  daily  in  the  urine  of  syphilitic  patients  after  intravenous 
injections  of  arsphenamin.  Thus,  after  a  dose  of  0.6  gm.  containing 
from  187  to  188.6  mg.  arsenic,  from  3  to  8.8  per  cent,  was  eliminated 
in  three  days  and  from  4.9  to  13.5  per  cent,  in  the  course  of  a  fortnight. 
By  far  the  greatest  amount  of  arsenic  eliminated  by  the  route  of  the 
kidneys  is.  therefore,  found  in  the  urine  of  the  first  three  days  after 
injection.  During  the  succeeding  days  the  amounts  gradually  decline 
until  by  the  fourteenth  day  they  usually  fall  to  a  level  of  from  0.1 
to  0.05  mg.  which  approaches  the  limit  of  accuracy  of  the  method  used. 

Having  seen  that  in  human  syphilitic  patients  only  a  relatively  small 
portion  of  the  arsenic  injected  intravenously  as  arsphenamin  is  elimi- 
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nated  by  the  urine  during  the  first  week  or  two  after  administration, 
it  would  be  of  interest  to  know  the  degree  of  distribution  and  storage 
in  the  various  tissues.  No  complete  data  are  at  hand  giving  the  exact 
distribution  of  arsenic  in  all  the  organs  of  the  human  or  animal  body 
after  a  given  dose  of  arsphenamin.  We  have  been  able,  however,  to 
obtain  an  approximate  picture  by  making  calculations,  using  some  of 
the  accurate  figures  on  arsenic  distribution  available  in  the  works  of 
the  Navassarts,  Ullmann,  Willcox  and  Webster,  Lockemann,  Berg- 
mann  and  Green,  and  \'ierordt's  "  excellent  "anatomical,  physiological 
and  physical  data  and  tables"  as  well  as  Stitt's  "physiological  nor- 
mals" ^^  which  give  the  weights  of  the  various  organs  of  the  human 
body.  Our  calculations  show  that  the  liver,  the  skeletal  muscles  and 
the  skeleton,  the  kidneys,  intestine  and  spleen  are  the  most  important 
depots  for  stored  arsenic.  In  order  of  concentration,  per  100  gm. 
of  tissue,  the  liver  is  first,  next  the  kidney  and  spleen  and  then 
the  intestines.  Xo  data  are  available  for  some  of  the  important 
human  organs  of  elimination,  such  as  the  skin  and  lungs,  as  well  as 
for  other  tissues,  such  as  the  heart,  pancreas,  omentum,  etc.  We  have 
had  to  approximate  these  on  the  basis  of  published  animal  data  and 
we  have  used  the  smallest  figures, — 0.5  mg.  per  100  gm.  of  tissue. 

A  few  striking  facts  from  the  literature  deserve  special  comment 
at  this  place,  the  Navassarts,^  as  indicated  above,  have  found  the 
elimination  in  the  feces  to  be  from  eight  to  ten  times  as  great  as 
that  in  the  urine.  The  duration  of  elimination  of  measurable 
quantities  of  arsenic  is  about  the  same,  from  fourteen  to  twenty  days. 
The  arsenic  in  the  feces  may  be  due  to  resorption  from  the  bile,  as 
suggested  by  Obregia  and  Carniol  ^^  who  detected  arsenic  in  the  bile 
tw'enty-five  minutes  after  an  intravenous  dose  of  neo-arsphenamin. 
They  also  demonstrated  the  elimination  of  arsenic  in  the  saliva. 
Pomaret  ^'  also  found  10  mg.  arsenic  in  5  c.c.  of  dog's  bile  collected 
one  hour  after  intravenous  injection  of  0.3  gm.  neo-arsphenamin. 
The  fact  that  we  have  found  arsenic  in  the  vomitus  (Case  2),  four 
hours  after  injection,  suggests  that  eHmination  may  take  place  by  the 
route  of  the  stomach,  as  in  the  case  of  morphin. 

Willcox  and  Webster  ^  found  i/o  and  Ia?  mg.  arsenic  trioxid  in 
100  c.c.  blood  in  two  cases  one  hour  after  intravenous  injection  of 
0.6  gm.  arsphenamin. 
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&  Co.,  1918,  p.  540. 

16.  Obregia,  A.,  and  Carniol,  A.:    Sur  I'elimination  du  neosalvarsan  par  la 
bile,  Compt.  rend,  de  la  Soc.  de  biol.  78:468,  1915. 
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Myers  ^^  and  Barbat  ^^  in  a  joint  study  conclude: 

The  blood  serum  contains  more  than  five  times  as  much  arsenic  as  the 
clot;  it  averages  only  8  parts  per  million,  or  0.8  mg.  per  100  gm.  of  blood. 
This  fact  proves,  that  within  half  an  hour  after  the  administration  of  0.4  gm. 
arsphenamin  75  per  cent,  is  fi.xed  in  the  body  cells.  Spinal  fluid  withdrawn 
immediately  after  injection  showed  0.2  part  arsenic  per  million  of  fluid  in 
42  per  cent,  of  cases ;  27  per  cent,  of  the  cases  showed  only  traces  of  arsenic, 
and  31  per  cent,  were  arsenic  free.  The  spinal  fluid  withdrawn  twenty-four 
hours  after  injection  was  arsenic  free  in  one  case  out  of  twenty-six;  two 
specimens  showed  traces  of  arsenic  ;  the  remaining  twenty-three  contained  an 
average  of  0.25  parts  per  million. 

Ullman  ^  found  only  questionable  traces  of  arsenic  in  tlie  perspira- 
tion of  a  patient  treated  witli  arsphenamin. 

Young  2"  in  an  interesting  experimental  study  found,  that  if  the 
serum  of  goats  (previously  injected  with  arsphenamin)  is  dialyzed, 
some  of  the  arsenic  is  removed,  but  the  rest  is  bound  to  the  serum 
and  can  not  be  dialyzed  nor  does  it  give  the  usual  qualitative  tests 
for  arsenic.  Inorganic  arsenic  compounds  do  not  behave  in  this  way. 
Young  concludes  that  it  is  the  arsenic  which  is  thus  bound  in  the 
blood  and  tissues  which  is  slowly  eliminated  in  the  urine  and  feces. 

The  duration  of  elimination  of  stored  arsenic  is  a  controversial 
subject.  Some  authors  have  detected  traces  of  arsenic  several  months 
after  the  injection  of  a  single  dose  of  arsphenamin.  Data  on  the 
intravenous  method  are  meagre.  Bailey  and  MacKay  -^  in  a  study 
of  syphilitics  suffering  from  toxic  jaundice  as  a  result  of  treatment 
with  novarsenobillion  (French  neo-arsphenamin)  combined  with  mer- 
cury, were  unable  to  detect  any  arsenic  in  the  urines  taken  from 
twenty- four  to  157  days  after  the  last  treatment.  These  authors  used 
the  Gutzeit  test. 

SUMMARY 

The  eliinination  of  arsenic  in  the  urine  was  studied  in  three  cases 
of  tertiary  syphilis  which  were  under  arsphenamin  treatment  and  under 
observation  in  a  hospital  ward.  Very  small  quantities  of  arsenic, 
detectable  only  by  very  delicate  methods  of  analysis,  were  found  in  the 
daily  urine.  Thus,  after  a  dose  of  0.6  gm.  containing  from  187  to 
188.6  mg.  arsenic,  from  3  to  8.8  per  cent,  was  eliminated  in  three 
days  and  from  4.9  to  13.5  per  cent,  in  the  course  of  a  fortnight.     By 
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TABLE  1. — Daily  Elimixatiox  of  Arsenic  in  Urixe  of  Syphilitic  Patients 
Injected   Intravenously    with    Arsphenamin 


Patient. 


T.  M. 


M.  J.t 


K.  W.  : 


Drug  injected. 


Arsphenamin 


Arsphenamin 


Arsphenamin 


Dose  (each). 


0.6  gm. 


0.6  gm. 


0.6  gm. 


Arsenic  in  doses  injected 


1S«.6  mg. 


188.6  mg. 


188.6  mg. 


186.8  mg. 


Mg.  Arsenic  in  Urine 


Mg.  Arsenic  in  Urine 


Days  After 
Injection 

First 
Dose 

Second 
Dose 

Third 
Dose 

First  Dose 

First 
Dose 

Second 
Dose 

Third 
Dose 

1 

7.39 
3.12 
1.47 
1.37 
0.S7 
0.92 
0.59 
0.69 
0.68 
0.11 
0.11 
0.11 
0.11 
0.11 

9.79 
4.22 
2.59 
1.39 
1.39 
1.12 
1.12 
1.12 
0.53 
0.54 
0.53 
0.54 
0.29 
0.29 

7.46 
2.80 
2.09 

2.12 
4.33 
2.07 
2.21 
1.71 
0.73 
0.83 
0.83 
0.83 
0.84 
0.69 
0.69 
0.69 


3.10 
1.15 
1.36 
0.86 
0.87 
0.50 
0.36 
0.25 
0.26 
0.25 
0.26 
0.05 
0.05 

6.85 
2.61 
1.49 

— 

5.13 
3.23 

3 

1.35 

4 

2.61 

1.36 

fi 

1.57 

0.81 

8 

080 

9 

0.81 

]0 

0.80 

11 

0.44 

12 

0.44 

13 

0.44 

14 

0.44 

Total    in    first    3   days 

11.98 

16.60 

12.35 

8..-)2 

561 

10.95 

9.71 

Percentage     eh"minated 
flr«t  3  days 

6..3% 

8.8% 

6.5% 

4.5% 

2.9% 

5.7% 

5.2% 

Total    elimination,    en- 

17.75 

25.46 

12.35 

18..57 

9.34 

10.95 

20.23 

Percentage     eliminated 

9.4% 

13.5% 

6.5% 

9.8% 

4.9% 

5.7% 

10.9% 

*  This  patient  eliminated  3.14  mg.  arsenic  in  urine  during  a  three  day  period  of 
observation  just   prior   to    first   injection. 

+  This  patient  eliminated  9.81  mg.  arsenic  in  urine  during  a  six  day  period  of  observation 
just  prior  to  injection  and  0.85  mg.  arsenic  in  vomitus  four  hours  after  injection. 

}  This  patient  eliminated  0.85  mg.  arsenic  in  urine  during  a  ten  day  period  of  observa- 
tion  just  prior  to  first  injection. 


TABLE  2. — Summary  of  Data  on  Patients  Studied 


Total  Mg.  Perc-entage      Total 
Values  for  Highest      Arsenic     of  Arsenic        Mg. 

Total        Clinical      Values    Eliminated  Eliminated    Arsenic 
0.6  Gm.         N.  P.  N.t      R*ac-      for  Total     During       in  Urine     Eliminated  Number 
Doses  of       Observed        Tion        X.  P.  X.+        First  During        During  of 

Arsphenamin     Before  to         Observed      3  Days    First  3  Days  Interval        Days 

(D.B.I.)*     Dose  Was      Injee-         After  After  After  Between      in  This 

Alkaline  Sol.     Injected        tion       Injection    Injection    Injection    Injections    Interval 
Case  1:  T.  M.;   male;   age  38.     Optic  atrophy 

6.3  17.75 

8.8  25.46 

6.5  12.35 

age  28.    Optic  atrophy 

4.5  18.57 

Optic  atrophy 
3.0  9.34 

5.7  10.95 

5.2  20.23 


First  dose 24  to  30 

Second  dose.. .         23 
Third  dose 35 

First  dose 31  to  33.5 

First  dose 28  to- 35 

Second  dose...       26.5 
Third  dose 24.5 


Injection    Injection 

.  M.;   male;   age  38. 

Mild  39 

Severe  44 

Mild  38 

Case  2:  M.  J.;  male 

Mild  39 

Case  3:  K.  W.;  male;  age  39. 

Xone  31  5.61 

Very  mild  35  10.95 

Very  mild  34.7  9.71 


11.98 
16.60 
12.35 


B.o2 


Percen- 
tage of 
Arsenic 
in  This 
Interval 


9.4 
13.5 
6.5 

9.8 

4.9 

5.7 

10.9 


*  0.6  gm.   arsphenamin  (D.  R,  I.)   represents   from  187  to  188.6  mg.   arsenic. 

+  Values  for  total  nonprotein  nitrogen  (X.  P.  X.)  are  given  in  mg.  per  100  c.c.  blood. 
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far  the  greatest  amount  of  arsenic  eliminated  by  the  kidneys  is,  there- 
fore, found  in  the  urine  of  the  first  three  days  after  injection.  During 
the  succeeding  days  the  amounts  gradually  decline  until  by  the  four- 
teenth day  they  usually  fall  to  a  level  of  from  0.1  to  0.5  mg.  which 
approaches  the  limit  of  accuracy  of  the  method  used. 
The  following  observations  deserve  special  comment : 

1.  Only  a  small  part  of  the  arsenic  derived  from  arsphenamin  is 
eliminated  by  patients  through  the  urine,  13.5  per  cent,  being  the  high- 
est amount  in  fourteen  days. 

2.  The  largest  amount  of  arsenic  is  eliminated  in  the  first  three 
days;  after  that  uniformly  small  amounts  are  found  in  the  urine. 

3.  The  elimination  of  arsenic  is  larger  after  the  second  and  third 
doses  are  administered  than  after  the  first. 

4.  Using  constant  doses  of  0.6  gm.  arsphenamin,  there  is  consider- 
able variation  in  the  amounts  of  arsenic  eliminated  during  a  given 
interval  of  time  by  any  one  patient  as  well  as  by  different  patients 
presumably  in  the  same  stage  of  the  disease  and  treated  under  the 
same  conditions. 

5.  The  elimination  of  only  small  quantities  of  arsenic  in  the  urine 
may  be  explained  by  the  fact  that  a  considerable  quantity  is  eliminated 
through  the  feces  and  some  is  temporarily  retained  by  the  liver,  kid- 
nevs,  spleen,  intestines  and  other  parts  of  the  body. 

A  review  of  the  literature  on  arsenic  elimination  and  storage,  and 
of  the  fate  of  the  arsphenamin  molecule  in  the  animal  body  is  given. 
We   are   indebted   to   Miss   Anna    Corson,   B.Sc.,   for   valuable   assistance    in 
this    investigation. 


A     COiMPARISON     OF     CAPILLARY    AND     VENOUS 
BLOOD     IN     PERNICIOUS     ANEMIA 

W.    W.    DUKE,     M.D. 

AND 

D.    D.     STOFER,     M.D. 

KANSAS     CITY,     MO. 

Patients  afflicted  with  pernicious  anemia  present  many  symptoms 
which  differ  strikingly  from  those  of  secondary  anemia.  One  is  the 
discrepancy  between  the  general  appearance  of  a  patient  with  perni- 
cious anemia  and  his  blood  count.  Patients  with  secondary  anemia 
having  a  red  blood  cell  count  of  2,000,000  or  less,  are  not  only  weak 
and  ill  enough  to  be  in  bed,  but  have  a  pallor  so  marked  as  to  be 
noticeable  even  to  the  most  casual  observer.  In  contrast  with  this, 
patients  who  have  pernicious  anemia  may  be  up  and  around  and  may 
have  color  in  the  face  and  lips  which  is  so  good  that  one  is  often 
surprised  at  the  finding  of  an  extremely  low  red  blood  cell  count,  from 
1,000,000  to  1,500,000.  In  fact,  often  their  color  is  so  good  that  the 
anemia  is  overlooked  by  their  physicians.  The  pallor  may  be  partly 
obscured  by  the  lemon  yellow  tinge  of  the  skin. 

We  have  often  wondered  why  patients  with  pernicious  anemia 
retain  their  color  so  well.  It  might  be  accounted  for,  in  part,  by 
the  fact  that  there  is  atrophy  of  the  skin  and  mucous  membranes  which 
renders  them  abnormally  transparent  and  thus  they  transmit  well  the 
red  color  of  the  little  blood  they  possess. 

It  has  seemed  to  us  that  there  must  be  another  factor,  however, 
to  account  for  this  interesting  phenomenon,  namely,  that  possibly  the 
red  blood  cells  in  this  disease  might  have  a  tendency  to  lodge  in  the 
capillaries  of  the  skin  and  therefore  give  a  false  impression  concern- 
ing the  gravity  of  the  anemia.  It  seemed  possible  that  one  might 
determine  whether  or  not  this  were  a  fact  by  estimating  simultaneously 
the  number  of  corpuscles  in  the  capillary  and  venous  blood  and  com- 
paring the  findings  with  those  of  normal  blood. 

We  found  a  marked  difl:'erence  between  the  capillary  and  venous 
counts  in  all  cases  of  pernicious  anemia  examined,  whereas,  in  normal 
individuals  the  capillary  and  venous  counts  were  practically  the  same. 
All  the  patients  had  a  frank  pernicious  anemia  with  atrophy  of  the 
skin  and  mucous  membranes,  characteristic  tongue,  achylia  and  char- 
acteristic blood  findings,  with  red  cell  counts  of  1,000,000  or  a  little 
above  when  first  examined.  The  high  counts  recorded  were  all  due 
to  the  fact  that  the  patients  had  been  transfused  some  weeks  or  months 
prior  to  the  time  that  the  counts  were  made. 
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The  capillary  red  blood  cell  count  of  patients  with  pernicious  ane- 
mia was  1,264,000,  or  19.3  per  cent,  higher  on  an  average  than  the 
venous  counts  made  at  the  same  time.  In  every  case  there  was  a 
marked  difference,  the  most  marked  being  3,070,000  red  blood  cells 
in  the  capillary  blood  and  1,920,000  in  the  venous  blood — a  difference 

TABLE    1. — Venous  and   Capillary  *   Blood   Counts   in    Pernicious   Anemia 


Date 

Capillary 

Venous 

Reduction, 

Remarks 

Count 

Count 

per  Cent. 

Case  1: 

Aug.  31,1921 

2,400,000 

1,840,000 

23.3 

Transfused  10/5/:o 

Sept.  13,  1921...;.... 

2,220,000 

1,760,000 

20.7 

Dec.  1,  1921 

4,040,000 

3,480,000 

13.8 

Transfused  10/10/21  and  10/28/21 

Case  2: 

Oct.  25,1921 

5,440,000 

4,800,000 

11.8 

Transfused  1/2S/21 

Case  3: 

July  29,  1921 

3,380.000 

2,280,000 

32.5 

Tran.sfused  6/5/21  and  6/18/21 

Oct.  7,  1921 

5,200,000 

3,880,000 

25.3 

Case  4: 

Aug.  30,1921 

6,400,000 

5,300.000 

17.2 

Transfused  3/21/21 

Sept.  20,  1921 

5,fi4O,0CO 

4,400,000 

22.3 

Oct.  1,1921 

6,240.000 

5,520,000 

11.6 

Oct.  25,  1921 

5,620,000 

5,510,000 

16.7 

Case  5: 

Nov.  28,1921 

2,240,000 

1,600,000 

28.5 

Transfused  11/29/21 

Dec.  4,  1921 

3,440,000 

2,680,000 

22.0 

Case  6: 

Nov.  28,1921 

4,960,000 

4,200,000 

15.4 

Transfused  1/21/21 

Case  7: 

Nov.  28, 1921 

3,070,000 

1,920,000 

37.4 

Transfused  10/21/21 

Case  8: 

Dec.  23,  1921 

1,280,000 

960,0(10 

•      25.0 

Transfused  12/31/21 

Jan.  1,  1922 

3,800,000 

2,600,000 

31.6 

Venous    and  Capillary 

Blood  Counts  in  Nor- 

mal Individuals: 

Case  1 

5,520,000 

5,540.000 

Case  2 

4,960,000 

5,120,000 

Case  3 

5,260,000 

5,400,000 

Case  4 

5,160,000 

5,000,000 

Case  5 

6,080,000 

6,120,000 

Venous    and   Capillary 

Blood  Counts  in  Sec- 

ondary Anemia: 

Case  1: 

Jan.  19,  1922 

2,960,000 

2,680.000 

9.4 

Transfused  l/-:8/22 

Jan.  30, 1922 

5,440,000 

5,360,000 

1.3 

Case  2: 

March  4, 1922.... 

2,400,000 

2,480,000 

None 

Case  3: 

Jan.  30, 1922 

5,280,000 

5,200,000 

1.2 

Transfused  9/7/21  prior  to  mak- 

Case 4: 

ing  of  counts 

Jan.  30,1922 

4,400,000 

4,720,000 

None 

Transfused     1/23/22     prior    to 
making  of  counts 

*  In  making  the  capillary  blood  count  a  small  slit  was  made  in  the  lobe  of  the  ear  and 
the  blood  drawn  up  in  a  red  counting  pipet  in  tlie  usual  manner.  For  the  venous  counts  a 
.small  amount  of  blood  was  drawn  irom  an  arm  vein  into  a  syringe  and  a-  count  quickly 
taken  from   this. 


of  1,150,000,  or  37.4  per  cent.,  the  least  marked  being  6,240,000  red 
cells  in  capillary  blood  and  5,520,000  red  cells  in  venous  blood,  a  dififer- 
ence  of  770,000  red  cells,  or  11.6  per  cent.  This  difiference  was  striking 
regardless  of  whether  the  counts  were  made  when  the  counts  were 
low  or  whether  they  were  made  after  treatment  by  transfusion  when 
the  counts  were  high.     In  contrast  with  this,  the  difiference  between 
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the  capillary  and  venous  counts  in  normal  individuals  was  not  great 
in  any  case  and  did  not  exceed  1.2  per  cent,  in  a  single  instance,  nor 
did  it  exceed  9.4  per  cent,  in  four  cases  of  secondary  anemia,  two  of 
which  had  been  transfused  shortly  before  the  counts  were  made. 

It  was  noted  that  the  venous  blood  of  patients  with  pernicious 
anemia  contained  an  increased  proportion  of  small  cells  while  the  capil- 
lary blood  contained  an  increased  number  of  macrocytes.  This  difference 
between  the  venous  and  capillary  blood  was  so  striking  as  to  leave  no 
doubt  as  to  its  real  existence.  It  has  seemed  to  us  that  the  large  red 
cells  of  the  blood  of  patients  with  pernicious  anemia  lag  in  the  capillary 
bed  while  the  smaller  cells  filter  through  and  in  this  way  account 
for  the  marked  difference  between  the  capillary  and  venous  counts. 

This  view  would  be  in  harmony  with  physical  laws  which  govern 
deposits  made  by  streams  of  water  which  carry  a  sediment  heavier  than 
water.  As  a  stream  broadens  it  slows,  its  carrying  power  is  thereby 
reduced,  and  part  of  its  sediment  is  deposited.  The  larger  particles  of 
a  given  specific  gravity  are  deposited  first  or  lag  along  the  creek  bed 
while  the  smaller  particles  of  the  same  gravity  are  carried  on.  We 
have  a  somewhat  similar  condition  existing  in  the  human  body  though 
modified  no  doubt  by  biologic  laws.  As  blood  reaches  the  capillary 
bed  the  stream  broadens  and  slows.  Furthermore,  the  pulse  is  lost. 
There  should  exist,  therefore,  a  tendency  for  the  larger  red  cells  (which 
are  heavier  than  serum)  to  lag  and  for  the  smaller  ones  to  be  carried 
along  readily. 

One  could  believe  also  that  the  larger  red  cells  might  be  retarded 
in  the  capillary  bed  by  a  process  of  filtration.  This  may  be  a  factor 
also  but  against  this  view  is  the  fact  that  in  only  one  of  four  cases  of 
leukemia  which  we  have  examined  was  there  a  great  difference  between 
the  capillary  and  venous  white  cell  counts  (lower  specific  gravity  than 
red  cells)  in  spite  of  the  fact  that  the  myelocytes  were  larger  than  the 
leukocytes  and  lymphocytes. 

In  the  belief  that  more  light  might  be  thrown  on  the  subject,  capil- 
lary blood  cell  counts  were  made  on  four  patients  with  pernicious 
anemia,  two  of  whom  (Cases  9  and  10)  had  been  transfused  several 
months  previously.  Blood  was  withdrawn  from  the  arm  veins  with- 
out the  use  of  a  constricting  tourniquet  to  distend  the  veins.  After 
this  blood  was  taken,  a  tourniquet  was  placed  around  the  arm  for 
one  minute,  tight  enough  (about  180  mm.  of  mercury)  to  prevent 
arterial  blood  from  entering  the  arm  and  venous  blood  from  escaping. 
During  this  minute  the  hand  was  contracted  and  relaxed  a  number 
of  times  with  a  view  of  dislodging,  if  possible,  any  red  cells  which 
might  have  accumulated  in  the  capillaries  of  the  arm.  The  muscular 
contractions  forced  the  blood  out  into  the  veins  so  that  they  became 
quite   tense.     At   the   expiration    of    the   minute,   the   tourniquet   was 
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removed  for  about  two  seconds  and  then  quickly  replaced  at  180  mm. 
of  mercury.  This  was  done  for  the  purpose  of  allowing  the  blood  in 
the  veins  to  be  replaced  by  blood  from  the  capillary  bed.  Venous  blood 
was  then  withdrawn  and  counts  were  made. 

The  results  obtained  by  this  procedure  were  quite  interesting.  In 
each  instance  the  venous  count  taken  while  the  arm  was  at  rest  and 
before  a  tourniquet  was  applied  was  much  lower  than  the  capillary 
counts  taken  from  the  lobe  of  the  ear.  The  venous  counts  taken  after 
constriction  of  the  arm  with  tourniquets  and  exercise  were  higlier  in 

TABLE  2. — C.\piLLARY  AND   Venous   Counts   in   Pernicious  Anemia   Before 
AND  After  Constriction  of  the  Arm  and  Exercise 


Case 

9 
10 
11 

12 

Capillary  C^ounts 

4.()8r).ooo 
3,230,000 
1.440.000 
2,8SO,00O 

Venous  Counts  Before         Venous  Counts  After 

Constriction              Constriction  and  Exercise 

2,505  000                                   3,125,000 

2,670,000                                    3,190,000 

880,000                                    1,120,000 

2,240,000                                    2,560,000 

TABLE  3.- 

— Capil 

lary  and  Venous 

Blood  Counts  in  Normal  Persons  Before 

.•\ND  After  Constriction  of  the  Arm  and  Exercise 


Case 
13 
14 
15 
16 

Capillary  Counts 

5,1T(),()<)0 
4,800.(l<K) 
4,9<i0,(K)O 
5,040,000 

Venous  Counts  Before 
Constriction 

5,210,000 
5,lfiO,00C 
5,04O,O(.;O 
5,080,(XK> 

Venous  Counts  After 
Constriction  and  Exercise 

5,490,0<)0' 
5,280,(!00 
5,080,000 
5,120,000 

every  instance  than  the  venous  counts  taken  while  the  arm  was  at 
rest — in  fact,  the  difference  was  so  marked  in  each  instance  that  we 
feel  sure  had  the  venous  counts  been  taken  from  veins  without  the 
aid  of  a  tourniquet  they  would  have  been  relatively  lower  than  the 
ones  obtained. 

As  a  control,  similar  counts  were  made  on  four  normal  persons. 
The  venous  counts  taken  before  and  after  constriction  and  exercise 
were  essentially  the  same  as  the  capillary  counts. 

We  wish  to  suggest  that  the  relatively  good  color  of  the  skin  and 
lips  in  patients  with  pernicious  anemia  might  be  accounted  for.  in  part, 
by  the  fact  that  the  capillary  blood  is  richer  in  red  corpuscles  than  the 
venous  blood  and  for  this  reason  is  misleading  and  does  not  give  the 
physician  a  correct  idea  of  the  gravity  of  the  situation. 

CONCLUSIONS 

1.  Capillary  red  blood  cell  counts  on  patients  with  pernicious  ane- 
mia were  on  an  average  17.6  per  cent,  higher  than  similar  counts  made 
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on  venous  bloods  at  the  same  time.  The  difference  was  as  great 
as  37.4  per  cent,  in  one  case,  and  in  every  case  it  was  11.6  per  cent, 
or  more. 

2.  Venous  counts  made  after  constriction  of  the  arm  with  a  tourni- 
quet, combined  with  exercise  of  the  hand,  were  materially  higher  than 
counts  made  before  constriction  of  the  arm  and  when  the  hand  was 
at  rest. 

3.  An  increased  number  of  macrocytes  was  observed  in  capillary 
blood  as  compared  with  venous  blood. 

4.  The  striking  difference  between  the  capillary  and  venous  counts 
is  caused,  we  believe,  by  a  tendency  for  the  larger  red  blood  cells 
(macrocytes)  to  lag  in  the  narrow  capillary  bed  where  the  rate  of  flow 
of  blood  is  slow  and  the  pulse  is  lost. 

5.  It  is  believed  that  this  accounts,  in  part,  for  the  circumstance  that 
a  patient  with  pernicious  anemia  may  have  relatively  good  color  of  skin 
and  lips  even  though  he  may  be  gravely  anemic.  This  is  misleading 
and  frequently  obscures  the  real  gravity  of  the  situation. 

We  wish  to  thank  Drs.  L.  S.  Mihie,  L.  F.  Barney,  J.  T.  Ferguson  and  A.  J. 
Simpson  for  their  kindness  in  referring  Cases  2,  7,  10  and   11  to  us  for  study. 


STUDIES     ON     THE     NATURE     OF     NONSPECIFIC 
PROTEIN     IN     DISEASE     PROCESSES 

IV.     BLOOD     FRAGILITY,     RETICULATION     AND     BLOOD     CHEMISTRY  * 

ROY     MARK    GREENTHAL 

AND 

GEORGE    MAXWELL    BROWN 

ANN     ARBOR,     MICH. 

The  nature  and  mechanism  of  the  reaction  caused  by  the  injection 
of  foreign  protein  into  the  blood  stream  is  still  obscure.  Some  light 
has  been  thrown  on  this  remarkable  phenomenon  by  various  workers 
who  have  studied  the  changes  in  blood  cytology,  certain  phases  of 
blood  chemistry  and  immunology  which  occur  during  this  reaction. 
The  nature  of  this  reaction  is  still  a  matter  of  controversy.  There  are 
some  who  consider  the  foreign  protein  reaction  as  an  anaphylactic 
phenomenon.  Others  do  not  agree.  There  is  still  so  much  to  be 
known  about  this  subject  that  any  further  information  is  of  interest 
and  value.  Cowie  ^  in  a  very  comprehensive  review  of  the  nonspecific 
protein  reaction  has  summed  up  all  the  present  day  knowledge  on  this 
subject.  Herewith  we  present  a  more  detailed  report  of  some  studies 
on  the  blood  following  the  intravenous  injection  of  a  nonspecific  pro- 
tein. We  have  investigated  blood  fragility,  reticulated  red  cells,  blood 
urea,  nonprotein  nitrogen,  blood  sugar  and  alkali  reserve  in  patients 
who  were  being  treated  by  intravenous  protein  injections  as  a  thera- 
peutic measure  for  arthritis,  chorea  and  various  eye  infections.  The 
doses  varied  from  100  to  750  million  killed  typhoid  bacilli.  The 
patients  all  reacted  characteristically  with  chill  and  rise  in  tempera- 
ture.    The  ages  of  the  patients  varied  from  8  to  50  years. 

Fragility  of  the  Red  Blood  Cells. — The  method  of  Greenthal  and 
O'Donnell  '^  was  used.  Six  patients  were  studied.  In  one  case  four 
fragility  determinations  were  made  at  varying  intervals  after  the 
injection.  Our  results  show  a  slight  increase  in  fragility  following 
foreign  protein  injections.  In  Case  4  the  control  determination  showed 
an  increased  fragility.  This  patient,  a  man  with  an  infected  corneal 
ulcer,  had  received  four  injections  of  protein  during  the  previous  ten 
days.     It  is  possible  that  these  injections  may  have  made  his  red  blood 


*  From  the  Department  of  Pediatrics  and  Infectious  Diseases,  University  of 
Michigan  Medical  School.     Dr.  D.  M.  Cowie,  Director. 
\.  Cowie.  D.  I\L:  New  York  State  J.  M.  21:395,  1921. 
2.  Greenthal  and  O'Donnell:    Am.  J.  Dis.  Child.  22:212,  1921. 
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cells  more  fragile.  Raphael  and  Sherman,^  using  the  same  method, 
in  a  study  of  the  fragility  of  the  erythrocytes  in  psychopathic  patients 
receiving  foreign  protein  injections  likewise  found  a  slight  increase 
in  fragility  after  the  injection.  At  any  rate  the  increase  is  not  marked 
enough  to  be  of  significance  (Table  1). 

The  percentage  of  reticulated  red  cells  before  and  at  intervals 
following  the  protein  injection  was  determined  in  eight  patients.  The 
patients  were  examined  during  various  injections,  one  during  the  first 
injection,  three  during  the  second  and  third,  and  one  during  the  sixth 
injection.  At  no  time  during  the  protein  paroxysm  were  we  able  to 
find  any  marked  change  in  the  number  or  character  of  these  cells. 
They  were  always  within  normal  limits.  This  was  contrary  to  our 
expectations  as  examination  of  the  blood  smears  after  protein  injec- 

TABLE  1. — Efffxt  OF  Foreign  Protein  on  the  Fragility  of  the  Red  Blood 

Cells 


Case         Control       After  Injection  Remarks 

1  0.425-0.325*         0.450-0.325      Blood  drawn  1   hour  after  injection,   during  chill;   temper- 

ature 101  F. 

2  0.425-O.325  0.425-0.325      Four  hours  after  injection,  temperature  102.6  F. 

3  0.425-0.300  0.425-0.3-25      Six  hours  after  injection,  temperature  101.8  F. 

4  O.4-5O-0.3.5O  0.450-0.375      Three  hours  after  injection,  fifth  injection  of  foreign  pro- 

tein: increased  fragility  due  to  rei>eated  injections? 

5  0.425-0.325  0.4.50-0.3.50      Four  hours   after  injection,  temperature  104   F. 

%  Hour  li/i  Hours  3  Hours  5  Hours 


0.4-50-0.325  0.475-0.350  0.425-0.325 


*  0.425-0.325  =:  Beginning  hemolysis,  0.425  per  cent,  saline,  to  complete  hemolysis,  0.325 
per  cent,  saline. 

RETICULATED  RED  BLOOD  CELLS 

Method :  Capillary  pipets  were  coated  and  dried  with  several  layers  of  a 
vital  blood  stain  (Unna's  polychrome  methylene  blue,  in  citrated  saline  solution). 
The  blood  was  quickly  drawn  into  the  capillary  tubes  and  after  from  ten  to 
twenty  minutes  a  drop  was  blown  on  a  slide  and  examined.  Six  hundred  cells 
were  counted  each  time.  The  efficacy  of  the  stain  was  determined  by  examining 
the  blood  of  normal  adults  and  infants,  patients  with  simple  anemias,  and  one 
case  of  hemolytic  family  icterus. 

tions  shows  an  increase  in  nucleated  red  cells,  blood  platelets  and 
myelocytes.  If  the  reticulated  red  cell  is  an  embryonal  cell,  one 
might  think  that  there  would  be  an  increase  during  the  protein  reac- 
tion, for  the  bone  marrow  is  stimulated  to  send  forth  new  cells.  How- 
ever, in  none  of  the  patients,  both  children  and  adults,  were  the 
reticulated  cells  increased  with  large  doses  of  dead  typhoid  bacilli 
(Table  2). 

3.  Raphael  and  Sherman:    Am.  J.  Psychol.  1:31,  1921. 
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Urea  Nitrogen. — The  results  of  the  blood  analysis  show  nothing 
remarkable  during  the  protein  paroxysm.  The  urea  nitrogen  was 
within  normal  limits  at  all  times.  It  made  no  difference  whether  the 
determinations  were  made  during  the  first  or  eighth  injection  of  typhoid 
vaccine.  There  was  a  slight  rise  in  the  urea  nitrogen  usually  between 
four  and  eight  hours  after  the  injection.  This  corresponded  usually 
with  the  highest  temperature.  It  does  not  seem  as  though  the  intra- 
venous injection  of  typhoid  protein  causes  any  appreciable  change 
in  the  urea  nitrogen  of  the  blood.  Certainly  it  was  not  above  normal 
limits  in  any  reaction.  Hisanabu  *  found  a  marked  increase  in  the  urea 
nitrogen  of  the  blood  of  guinea-pigs  during  peptone  intoxication  and 

TABLE  2. — Effixt  of  Forf.ign  Protein  on  the  Percentage  of  Reticulated 

Red  Cells 


Before 

Injection 

Hours 

\fter  Injection 

Case 

Control 

\^ 

1 

m 

2 

21/2 

3 

4 

5 

6 

7 

8 

Remarks 

1 

0.7* 

1.4 

1.2 

1.0 

1.4 

0.6 

0.9 

1.0 

1st  injection  300 
million  bacilli 

2 

0.6 

0.6 

0..5 

0.3 

0.8 

0.6 

O.T 

0.6 

0.4 

0.6 

0.5 

0.7 

2d  injection  300 
million  bacilli 

3 

0.6 

0.6 

0.3 

0.2 

0.3 

0.5 

0.4 

0.4 

3d  injection  .lOO 
million  bacilli 

4 

1.2 

1.1 

0.8 

0.6 

o.r 

0.6 

1.0 

0.8 

1.1 

0.8 

0.6 

0.8 

2d  injection  .500 
million  bacilli 

0 

1.0 

0.4 

0.2 

0.3 

0.5 

0.8 

0.4 

0.6 

0.6 

3d  injection  750 
million  bacilli 

6 

1.6 

1.2 

1.0 

1.5 

1.1 

1.2 

1.6 

1.4 

1.8 

1.1 

1.4 

1.6 

2d  injection  .500 
million  bacilli 

7 

1.4 

1.8 

0.5 

0.9 

0.6 

1.4 

1.2 

1.1 

1.2 

3d  injection  750 
million  bacilli 

8 

0.6 

0.5 

0.2 

0.6 

0.5 

0.4 

0.3 

0.5 

0.6 

0.5 

0.4 

6th  injection  500 
million  bacilli 

*  Expressed  in  per  cent. 

UREA     NITROGEN     AND     TOTAL     NONPROTEIN     NITROGEN 

Method  :  The  urea  nitrogen  of  the  blood  was  determined  by  the  Van  Sl\ke- 
^larshall  method.  The  total  nonprotein  nitrogen  was  determined  by  the  method 
of  Folin  and  Wu.  On  some  of  the  patients  both  the  urea  and  total  nonprotein 
nitrogen  were  determined  at  the  same  time.  On  others  only  one  of  the  two 
determinations  was  performed.  The  patients  on  whom  the  determinations  were 
made  were  fasting  during  the  time  of  the  experiment.  A  blood  sample  was 
drawn  in  the  morning,  after  a  twelve-hour  fast,  and  then  the  typhoid  vaccine 
injected.  Blood  was  then  drawn  at  varying  intervals  during  the  day.  The 
experiments  were  made  at  various  injections. 

anaphylactic  shock.  The  negative  results  in  these  experiments  suggest 
that  so-called  protein  shock  is  an  entirely  dift'erent  phenomenon  from 
anaphylactic  shock  or  peptone  poisoning  (Table  3). 

Total  Nonprotein  Nitrogen. — The  results  of  these  experiments  agree 
closely  with  those  on  the  urea  nitrogen.  There  is  very  little  evidence 
of  protein  destruction  in  the  body  during  the  protein  paroxysms  as 


4.  Hisanabu:    Am.  J.  Physiol.  1:357,  1919. 
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TABLE  3. — Effect  of  Ffreign  Protein  on  the  Urea  Nitrogen  of  the  Blood 


Before 
Injection 


Hours  After  Injection 


Case  Control   Vz 

1  16.5*    .... 

2  7.8      .... 

3  15.0      17.8 

3  12.G      .... 

4  10.1      .... 


11/2 


lu.O     18.6     12.0     15.6     18.0     14.2     18.0     15.6 


9.8 


....      19.: 
13.2      ... 


.2     11.4     10.2     16.2     15.0       8.6       8.4 


8.4      ....      11. 


11.7 


10.8 


17.3      16.2     10.1     13.7 


10.6 


Remarks 
1st  injection 

350  iriiiiion 

typhoid 

bacilli 
2d    injection 

500  million 

bacilli 
4th  injection 

600  million 

bacilli 
5th  injection 

600  million 

bacilli        5 

days  later 
3d    injection 

500  million 

bacilli 
1st  injection 

400  million 

bacilli 
3d    injection 

750  million 

bacilli 
1st  injection 

300  million 

bacilli 
2d    injection 

500  miUion 

bacilli        4 

days  later 
7th  injection 

fiOO  million 

baciUi 
1st  injection 

400  million 

baciUi 


Expressed  in  Mg.  per  100  C.c. 


TABLE  4. — Effect  of  Foreign  Protein  on  the  Tot.^l  Nonprotein  Nitrogen 

of  the  Blood 


Before 

ll 

ijection 
e  Control 

Hours  After  Injection 

Cas 

V2 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Remarks 

1 

34.6* 

38.1 

36.1 

23.1 

33.6 

37.5 

34.8 

34.8 

25.2 

31.2 

8th  injection 

6C0  million 

2 

25.4 

22.8 

24.3 

24.1 

27.3 

26 

7 

3d  injection 
7C'0  million 

3 

29.9 

30.0 

28.7 

28.4 

39.8 

29.6 

28.1 

26.0 

2d  injection 
500  million 

4 

32.9 

23.1 

25.7 

21.1 

29.5 

4th  injection 
600  million 

5 

19.6 

19.6 

21.4 

18.7 

19.6 

17.6 

22 

5 

5th  injection 
600  million 

6 

27.5 

36.6 

37.5 

36.6 

38.1 

33.9 

35.7 

37.5 

39.0 

33.1 

1st  injection 
350  million 

6 

26.0 

30.5 

33.6 

29.0 

30.4 

26.4 

2d  injection 
500  million 

6 

32.9 

32.1 

35.2 

31.6 

3d  injection 
600  million 

7 

34.0 

33.6 

30.4 

25.6 

31.5 

26 

2 

1st  injection 
400  million 

8 

26.1 

25.7 

26.1 

23.4 

23.4 

24 

4 

1st  injection 

30O  million 

Expressed  in  Mg.  per  100  C.c. 
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would  be  shown  b}'  an  increase  in  the  non-protein  constituents  of  the 
blood.  The  very  slight  increase  in  non-protein  nitrogen  between  the 
fourth  and  eighth  hours  can  probably  be  accounted  for  by  the  fever 
which  was  highest  at  that  time.  Hisanabu  found  a  marked  increase  in 
nonprotein  nitrogen  in  the  blood  of  guinea-pigs  who  were  suffering 
from  anaphylactic  shock.  Jobling  '•"  found  some  increase  in  the  non- 
protein nitrogen  after  the  intravenous  injection  of  dead  typhoid  bacilli. 
Working  with  rabbits  Pepjjer  and  Miller  •"'  found  no  change  in  the  total 
nitrogen  and  urea  of  the  urine  after  a  single  intravenous  injection  of 
dead  typhoid  bacilli.  The  results  of  the  urea  and  non-protein  nitrogen 
analyses  of  the  blood  of  patients  after  the  intravenous  injection  of 
dead  typhoid  bacilli  form  substantial  evidence  against  the  theory  that 
protein  and  anaphylactic  shock  are  similar  (Table  4). 

Carbon  Dioxid  Capacity  of  Blood  Plasma. — The  method  of  Van 
Slyke  was  used.  Three  patients  were  studied  after  the  foreign  protein 
injections,  two  during  the  first  injection  and  one  during  the  fifth  injec- 
tion. The  results  of  these  experiments  show  that  there  is  a  slight 
diminution  in  the  alkali  reserve  of  the  blood  plasma  during  the  protein 
paroxysm.  This  we  think  is  not  great  enough  to  be  of  any  practical 
importance.  We  have  never  seen  any  of  our  patients  show  any  serious 
symptoms  of  acidosis.  Eggstein  '  studied  the  alkali  reserve  during  pro- 
tein and  anaphylactic  shock.  He  quotes  the  result  of  one  experiment 
on  man.  A  patient  given  twenty  million  dead  typhoid  bacilli  into  the 
vein  showed  a  carbon  dioxid  capacity  of  45.9  volumes  per  cent,  one 
hour  after  the  injection.  Her  carbon  dioxid  capacity  before  the 
injection  was  55.8  volumes  per  cent.  In  animals  a  much  severer  grade 
of  acidosis  was  produced.  This  could  be  overcome  by  the  injection 
of  sodium  bicarbonate.  In  anaphylactic  shock  in  animals  the  acidosis 
was  so  marked  as  to  endanger  life.  Death  could  not  always  be  pre- 
vented by  the  use  of  sodium  bicarbonate.  Here,  again,  we  find  a 
difference  between  so  called  protein  and  anaphylactic  shock  (Table  5). 

Blood  Fat. — Cowie  and  Hoag^  have  shown  in  their  studies  on 
blood  fat  ^  that  the  total  lipoids  decrease  during  the  protein  paroxysm 
induced  by  the  intravenous  injection  of  dead  typhoid  bacilli  apparently 
to  a  more  marked  degree  than  they  do  in  fasting  subjects  who  have 
not  received  an  injection  of  foreign  protein.  We  are  indebted  to 
them  for  the  privilege  of  reporting  their  detailed  results  here  (Table  6). 

Blood  Sugar.- — The  method  of  Folin  and  Wu  was  used.  Six 
patients  were  studied  at  various  injections.  The  patients  were  fast- 
ing during  the  period  of  observation.     The  results  of  the  blood  sugar 


5.  Jobling:  J.  A.  M.  A.  65:515  (Aug.  7)   1915. 

6.  Pepper  and  Miller:    J.  Infect.  Dis.  17:694,  1916. 

7.  Eggstein:    J.  Lab.  &  Clin.  M.  6:481.  555,  1921. 

8.  Cowie  and  Hoag:  J.  A.  M.  A.  77:1493  (  Xov.  5)  1921. 
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experiments  show  nothing  remarkable.  There  is  a  sHght  rise  in  the 
blood  sugar  during  the  height  of  the  fever  which  quickly  returns  to 
normal.  We  have  also  run  blood  sugar  analyses  by  the  Benedict 
method  on  the  same  blood  samples.  They  also  give  the  same  readings 
always,  however,  somewhat  higher  than  with  the  Folin  test.     The  rea- 

TABLE  5. — Effect  of  Foreigx   Protein  on  the  Carbon   Dioxid  Capacity  of 

THE  Blood  Plasma 


Before 
Injection 

Hours  After  Injection 

Case  Control 

1  55.7* 

2  52.0 

3  58.7 

V2 

51.9 
54.8 
57.9 

1 
57.6 
53.8 
56.1 

2 

54.6 
.51.2 
55.6 

3 
47.5 
50.0 
52.2 

4 
50.0 
46.5 
55.7 

5 
50.1 
51.8 

8 
51.2 
51.6 
56.3 

24 
54.8 
53.8 
56.0 

Remarks 
1st  injection  300  million 
1st  injection  600  million 
5th  injection  fiOO  million; 
very  little  reaction 

Expressed  in  volume  per  cent. 

TABLE  6. — Effect  of  Foreign  Protein  on  Blood  Lipoids 


Before 
Injection 


Hours  After  Injection 


Case  Control      %  2  3  4  5  6  7 

1        0.793*      0.811      0.793      0.798      0.7.56      0.756      0.753      0.75 


0.716        0.039      0.644      0.540      0.57 


8  9  Eemarks 

0.715      0.722      Fasting:  3d  injec- 
tion 500  million 
0.655     0.670      0.690      0.684      0.716      Fa.sting:  1st  injec- 
tion 600  million 


*  Expressed  in  per  cent. 

TABLE  7. — Effect  of  Foreign  Protein  Injections  on  the  Blood  Sugar 


Before 

Injection 

Hours  . 

\fter  Injection 

Case 

Control 

% 

1 

2 

3 

4 

5 

6 

T 

8 

9 

10 

Remarks 

1 

0.098* 

0.111 

0.116 

0.102 

0.120 

1st  injection 
300  million 

2 

0.105 

0.110 

0.129 

0.137 

0.135 

3d  injection 
600  million 

3 

0.081 

0.085 

0.081 

0.090- 

0.120 

0.080 

5th  injection 
500  million 

4 

0.101 

0.110 

0.120 

0.114 

0.115 

2d  injection 
500  million 

5 

0.108 

0.106 

0.082 

0.088 

0.123 

0.140 

0.122 

0.129 

0.117 

3d  injection 
40O  million 

6 

0.105 

0.102 

0.087 

0.083 

0.119 

0.108 

1st  injection 
3.50  million 

*  Expressed  in  per  cent. 

son  for  the  increased  blood  sugar  during  the  fever  is  not  clear.  One 
might  surmise  that  it  is  due  either  to  increased  metabolism  or  to 
stimulation  of  the  glycogen  reserve    (Table  7). 

Our  investigation  of  the  blood  changes  after  an  intravenous  injec- 
tion of  foreign  protein  (typhoid  vaccine)  lead  us  to  the  following 
conclusions : 
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CONCLUSIONS 

1.  There  is  a  slight  increase  in  the  fragiHty  of  the  red  hlood  cells 
during  the  protein  paroxysm. 

2.  There  is  no  change  in  the  percentage  of  reticulated  erythrocytes. 

3.  There  is  a  moderate  rise  in  the  urea  and  total  nonprotein  nitrogen 
of  the  blood  at  the  height  of  the  fever  resulting  from  the  protein 
injection. 

4.  There  is  a  moderate  fall  in  the  alkali  reserve  of  the  blood  after 
the  foreign  protein  injection.  This  is  of  short  duration  and  a  normal 
reading  is  soon  obtained. 

5.  There  is- a  decrease  in  total  blood  lipoids  during  the  protein  shock. 
This  decrease  is  perhaps  more  marked  than  that  which  is  found  in  fast- 
ing subjects  not  receiving  the  protein. 

6.  There  is  a  slight  rise  in  the  blood  sugar  curve  (Folin  and  Ben- 
diet)  at  the  height  of  the  reaction  following  the  protein  injection. 

7.  We  believe  that  the  so-called  protein  shock  and  anaphylactic 
shock  are  different  phenomena. 


DIETETIC    TREATMENT     OF     CHRONIC     ARTHRITIS 

AND     ITS     RELATIONSHIP     TO     THE     SUGAR 

TOLERANCE  * 

A.    ALAION     FLETCHER.     M.B. 

TORONTO 

The  importance  of  diet  in  the  treatment  of  chronic  arthritis  is  a 
question  on  which  there  is  today  considerable  difference  of  opinion.  In 
practice,  its  effect,  as  a  rule,  is  confused  by  the  establishment  of  several 
forms  of  treatment  at  one  time,  such  as  the  removal  of  infectious  foci, 
rest  in  bed,  electrotherapy  and  hydrotherapy  and  other  hygienic  mea- 
sures. It  is,  however,  the  experience  of  many  observers  that  improve- 
ment is  often  brought  about  by  changes  in  diet  alone.  But  as  to  the 
character  of  this  change,  difference  of  opinion  also  exists.  Increase  in 
diet  is  recommended  by  some  and  decrease  by  others,  or  reduction  of 
proteins  in  one  case  and  reduction  of  carbohydrates  in  another. 
Sometimes  improvement  has  been  so  marked  as  to  lead  older  clinicians 
to  believe  that  the  disease  had  a  metabolic  basis,  but  clinical  and  labora- 
tory investigation  has  not  offered  much  evidence  to  support  this 
hypothesis.  In  fact,  interest  has  been  more  directed  toward  the  part 
played  by  bacteria  in  the  causation  of  this  disease,  and  recent  work  has 
resulted  in  the  general  belief  that  chronic  arthritis — with  the  excep- 
tion of  those  cases  due  to  trauma,  strain,  gout,  some  neuropathy,  scurvy 
and  hemophilia — is  the  result  of  a  bacterial  process.  It  is,  therefore, 
natural  that  the  origin  of  such  infection  should  be  looked  for,  infectious 
foci  removed,  vaccines  administered,  and,  if  necessary,  some  form  of 
nonspecific  protein  therapy  utiHzed.  These  measures  are  often  attended 
by  marked  success,  but  sometimes  results  are  disappointing,  and  if 
improvement  occurs,  it  is  often  of  a  temporary  nature. 

In  spite  of  this  belief  that  the  condition  is  a  bacterial  disease,  there 
are  still  clinicians  who  insist  on  the  importance  of  diet  in  its  treatment. 
Pemberton,^  especially,  has  for  many  years  advised  careful  dietetic 
regulation — recommending  a  general  reduction  of  the  food  intake,  and 
laying  special  stress  on  the  restriction  of  carbohydrates.  In  our  own 
clinic,  we  have  been  impressed  with  the  value  of  this  recommendation 
in  many  cases.  And,  further,  in  those  cases  which  receive  benefit  from 
such  treatment,  there  has  been  as  much  clinical  evidence  of  infection 
as  in  those  which  are  refractory  to  such  measures.    One  case,  in  which 


*  From  the  Department  of  Medicine.  University  of  Toronto,  and  from  the 
Medical  Division  of  the  Toronto  General  Hospital. 

1.  Pemberton.  R. :  Use  of  Diet  in  Treatment  of  Chronic  Arthritis,  Am.  J. 
M.  Sc.  161:517  (April)  1921. 
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a  hemolytic  streptococcus  was  isolated  from  the  hlood  during  the  height 
of  the  arthritis,  showed  prompt  and  quite  marked  improvement  with  a 
sudden  reduction  of  diet.  This  reduction  was  made  ahout  six  weeks 
after  the  onset  of  the  attack,  while  the  patient  was  still  in  a  febrile 
state,  and  the  favorable  course  of  the  infection  was  undoubtedly 
brought  about  by  the  change  in  diet.  It  would  seem,  then,  that  in  such 
cases,  there  is  a  relationship  between  the  maintenance  of  an  infection 
and  an  unsuitability  of  the  diet  to  the  patient.  This  unsuitability  might 
be  due  either  to  actual  lack  of  balance  in  selection  of  food  or  to  some 
error  in  the  metabolism  of  the  patient. 

In  a  metabolic  study  of  chronic  arthritis,  Pemberton  and  Foster  - 
observed  that  the  rise  in  blood  sugar,  following  the  administration  of 
100  gm.  glucose,  was  both  increased  and  prolonged.  They  further  con- 
cluded that  this  lowering  of  sugar  tolerance  was  roughly  an  indication 
of  the  severity  of  the  disease — tending  to  return  to  normal  as  con- 
valescence set  in.  If  this  were  the  case,  a  determination  of  sugar  tol- 
erance would  not  give  any  specific  information  bearing  on  a  case,  other 
than  its  severity,  but  our  own  figures  were  not  in  accord  with  this  con- 
clusion, for  it  was  sometimes  found  that  some  of  the  mildest  cases 
showed  a  well-marked  decrease  in  the  sugar  tolerance,  which  might 
even  persist  after  recovery,  while  cases  of  the  severest  type  sometimes 
gave  figures  which  varied  but  slightly  from  normal.  This  question  then 
presented  itself:  Does  the  lowering  of  sugar  tolerance  call  for  reduc- 
tion of  diet,  and  is  the  degree  to  wdiich  this  tolerance  is  low^ered  any 
indication  of  the  probability  of  giving  relief  by  such  measures?  With 
this  question  in  mind,  we  present  the  records  of  100  cases  of  chronic 
arthritis  in  which  the  sugar  tolerance  was  determined  and  in  which 
the  effect  of  reduction  of  diet  alone  was  studied. 

Method  of  Treatment. — The  100  cases  represent  a  selection  from 
160  cases  of  nonpurulent  arthritis  admitted  to  the  medical  wards  of  the 
Toronto  General  Hospital,  and  a  few  cases  seen  outside.  The  remain- 
ing sixty  cases  could  not  be  included  for  various  reasons.  Many 
patients  recovered  without  special  treatment;  a  few  recovered  after 
removal  of  some  focus  of  infection ;  others  left  the  hospital  before 
treatment  was  adequately  observed.  The  cases  associated  with  gon- 
ococcal infections  are  not  included.  Following  McCrae's  ^  classifica- 
tion, the  majority  of  cases  were  of  the  periarticular  type,  with  or  with- 
out deformity ;  a  few  showed  hypertrophic  bone  changes,  and  one  or 
two  cases  showed  both  types  of  the  disease.  The  duration  of  the 
condition  is  shown  in  the  tables,  and  in  no  case  was  dietetic  treatment 
started  before  six  weeks   after  the   onset.     The   patients   who   were 


2.  Pemberton,  R.,  and  Foster,  G.  L. :  Arch.  Int.  Med.  25:243   (March)    1920. 

3.  McCrae:  Oxford  Med.  4:374.  1921. 
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admitted  to  hospital  were  allowed  to  remain  in  bed  for  two  weeks  at 
least,  and  until  the  process  appeared  to  have  reached  a  more  or  less 
stationary  stage.  This  was  done  because  rest  alone  may  result  in  con- 
siderable improvement  or  even  recovery.  A  few  patients  were  treated 
outside  of  hospital,  and  in  these  no  changes  were  made  in  the  manner 
of  living,  other  than  the  change  in  diet. 

Dietetic  treatment  was  carried  out  as  far  as  possible  in  a  routine 
manner,  without  regard  for  the  patient's  tolerance  for  carbohydrates  or 
for  his  former  diet.  At  first  various  changes  in  diet  were  tried.  Reduc- 
tion of  the  carbohydrates  to  one  fifth  or  less  of  the  usual  intake  some- 
times was  followed  by  much  improvement.  But  better  results  were 
obtained  by  a  more  general  reduction,  and  the  large  majority  of  the 
100  patients  were  treated  in  the  following  manner :  three  glasses  of 
milk,  3  glasses  of  buttermilk,  one-half  grape  fruit  and  one  or  two 
oranges  a  day  for  one  week;  then  the  gradual  addition  of  such  food 
as  eggs,  fish,  fowl,  meat,  5,  10  and  15  per  cent,  vegetables,  fruits, 
junkets  and  jellies ;  and  finally,  brown  bread  in  small  amounts.  Patients 
who  were  underweight  were  allowed  cod  liver  oil  and  cream.  This 
increase  was  made  so  as  to  provide  from  1,500  to  2,000  calories  a  day 
within  four  weeks'  time.  The  improvement  noted  in  the  tables  occurred 
w^ithin  this  period,  and  with  one  or  two  exceptions,  if  no  progress  had 
been  observed,  it  was  not  found  worth  while  to  continue.  But  those 
who  did  well  were  recommended  to  adhere  to  the  diet — many  reported 
progress  for  several  months,  and  a  few  found  that  a  relapse  set  in  if 
their  former  diet  was  indulged  in  too  freely. 

\\'hile  the  efifect  of  this  treatment  was  being  observed,  no  other 
form  of  treatment  was  given.  If  foci  of  infection  were  removed,  four 
weeks  were  allowed  to  pass,  but  often  these  foci  were  untouched  until 
after  the  period  of  observation.  No  drug  was  given,  and  physiotherapy 
was  not  ordered.  When  necessary,  the  bowels  were  moved  on  alter- 
nate days  by  enemas,  and  in  a  few  cases  liquid  petrolatum  was  given 
by  mouth. 

The  Sugar  Tolerance. — The  test  was  carried  out  as  recommended 
by  Hamman  and  Hirschman.*  After  a  fast  of  fifteen  hours,  100  gm. 
glucose  was  given  by  mouth  in  300  c.c.  of  water,  with  the  addition  of 
the  juice  of  half  a  lemon ;  250  c.c.  of  water  was  given  at  one  and  two 
hour  intervals.  Blood  sugar  determinations  were  made  immediately 
before  the  administration  of  the  sugar  and  one-half  hour,  one  hour, 
two  hours  and  three  hours  afterw^ard.  The  half-hour  determination 
did  not  appear  to  give  any  essential  information  in  most  cases,  and  was 
discontinued.     In  a  few  cases,  it  was  convenient  to  obtain  blood  at  one 


4.  Hamman,    L.,    and    Hirschman.    F.    I. :    Alimentary    Hyperglycemia    and 
Glycousuria  as  a  Test  for  Sugar  Tolerence.  Arch.  Int.  Med.  20:761   (Nov.)   1917. 
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and  one-half  hour  intervals  only — these  two  determinations  being 
usually  sufficent  to  establish  the  existence  of  definite  lowering  of  the 
tolerance.  All  the  determinations  were  done  by  the  method  of  Folin 
and  W'u,^  the  blood,  as  a  rule,  being  precipitated  at  the  bedside  and  the 
colorimetric  reading  done  the  same  day;  the  figures  are  given  in 
mg.  per  c.c. 

For  the  interpretation  of  the  blood  sugar  readings,  after  the  inges- 
tion of  100  gm.  glucose,  it  appears  that  three  aspects  are  to  be  con- 
sidered :  (1)  the  maximum  figure  obtained;  (2)  the  time  at  which  the 
maximum  occurs,  and  (3)  the  time  required  for  the  return  to  normal. 
There  is  still  some  disparity  as  to  what  should  be  considered  a  normal 
reaction.  In  our  own  work,  a  figure  above  1.7  or  a  failure  to  return  to 
the  original  level  in  ninety  minutes,  has  been  taken  as  a  disturbance  in 
sugar  tolerance.  In  health,  the  maximum  is  reached  in  less  than  sixty 
minutes.  In  many  of  the  figures  presented,  the  maximum  occurred 
later  than  this,  but  as  this  point  possibly  was  frequently  missed,  it  can- 
not be  considered  specially.  The  striking  characteristic  of  the  figures 
presented  is  the  height  which  many  of  the  figures  reached,  and  espe- 
cially the  delay  in  the  return.  This  last  point  is  well  brought  out  by  the 
method  of  determining  the  blood  sugar  at  one  hour  or  one  hour  and  a 
half  intervals.  For  purposes  of  comparison,  an  average  was  taken  of 
the  figures  obtained  after  the  administration  of  the  glucose,  either  at 
the  hour  or  at  one  hour  and  a  half  intervals.  These  averages  take  into 
account  both  the  maximum  reached  and  the  delay  in  the  return,  and 
in  the  tables  the  cases  are  grouped  according  to  these  averages.  Three 
arbitrary  groups  were  selected :  ( 1 )  those  in  which  the  average  was 
less  than  1.4;  (2)  those  in  which  the  average  was  from  1.4  to  2.  and 
(3)  those  in  which  the  average  was  greater  than  2. 

Table  1  shows  that  the  figures  obtained  varied  from  those  which 
fell  within  normal  limits  to  those  which  might  be  considered  as  indi- 
cating frank  diabetes.  And,  indeed,  no  line  can  be  drawn  so  as  to 
classify  the  cases  into  diabetics  and  nondiabetics.  Of  the  100  cases, 
twenty-four  belonged  to  Group  I ;  i.  e.,  with  the  average  of  the  figures 
obtained  under  1.4;  fifty-six  belonged  to  Group  II,  with  an  average 
of  from  1.4  to  2,  and  twenty  belonged  to  Group  III,  with  an  average 
greater  than  2. 

As  to  the  relationship  of  the  sugar  tolerance  to  the  severity  of  the 
disease,  none  was  found ;  as  many  mild  cases  were  found  to  appear  in 
the  group  with  the  low  tolerance  as  in  the  group  with  the  high  toler- 
ance; of  the  twenty  most  severe  cases,  six  belonged  to  Group  I,  ten  to 


5.  Folin,    O.,    and   Wu,    H. :    System    of    Blood    Analysis;    a    Simplified    and 
Improved  Method  for  Determination  of  Sugar,  J.  Biol.  Chem.  41:367,  1920. 
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TABLE  1. Cases  in  Which  the  Blood  Sugar  Averaged  Less  Than  \A  Mg. 

PER  C.c.  FOR  Three  Hours  After  Administration  of  100  Gm.  Glucose 


Dura- 

Fast- 

tion 

ing 

V2 

1 

11/2 

2 

3 

Aver- 

Result of 

Case 

Sex 

Age 

Before 
Admis- 
sion 

Blood 
Sugar 

Hour 

Hour 
1.25 

Hours 

Hours 

Hours 

age 

Treatment 

1 

M 

23 

9  mos. 

0.86 

1.21 

1.03 

1.16 

Improved 

9 

F 

30 

2-3  yrs. 

1.06 

1.18 

1.17 

105 

1.13 

Improved 

3 

F 

39 

3  mos. 

0.82 

0.93 

1.30 

1.10 

1.11 

No  improvement 

4 

M 

38 

18  yrs. 

0.98 

1.37 

1.45 

1.36 

1.39 

Improved 

5 

M 

29 

8  mos. 

1.05 

i.67 

1.73 

1.07 

1.16 

1.32 

No  improvement 

6 

M 

38 

4  yrs. 

0.84 

1.34 

1.49 

1.29 

1.23 

1.39 

Improved 

7 

M 

26 

6  mos. 

0.99 

1.4V 

1.58 

1.44 

0.71 

1.24 

No  improvement 

8 

F 

20 

2  mos. 

1.11 

i.57 

0.94 

1.25 

Recovered 

9 

F 

31 

10  yrs. 

1.15 

i.'si 

6.75 

1.19 

1.15 

Improved 

10 

F 

63 

30  yrs. 

1.09 

1.55 

1.20 

0.94 

1.23 

No  improvement 

11 

M 

32 

2  wks. 

0.99 

1.87 

1.02 

1.16 

1.35 

Improved 

12 

M 

56 

3  yrs. 

0.93 

1.63 

1.73 

0.76 

1.37 

Improved 

13 

F 

55 

6  wks. 

1.28 

i.l7 

1.19 

1.18 

Improved 

14 

F 

61 

5  yrs. 

1.05 

i.ro 

i.'ii 

0.90 

1.23 

Improved 

15 

F 

56 

1  yr. 

1.25 

1..30 

1.70 

l.(» 

1.34 

Mueb  improved 

16 

M 

27 

6  yrs. 

1.26 

1.75 

0.95 

0.79 

1.16 

No  improvement 

17 

M 

34 

20  yrs. 

0.93 

1.39 

1.46 

1.21 

1.35 

No  improvement 

18 

M 

33 

2  yrs. 

1.10 

1.33 

0.97 

0.74 

1.01 

No  improvement 

19 

M 

30 

2  yrs. 

.    0.91 

1.34 

0.69 

0.67 

0.90 

No  improvement 

20 

M 

26 

4  yrs. 
10  yrs. 

0.95 

1.33 

0.77 

0.77 

0.95 

No  improvement 

21 

M 

65 

1.21 

i.44 

0.91 

1.17 

No  improvement 

22 

M 

40 

6  mos. 

1.25 

i.74 

i.32 

1.11 

1.39 

Improved 

23 

M 

60 

S  mos. 

1.00 

1.27 

1.06 

1.24 

1.19 

No  improvement 

24 

r 

33 

18  mos. 

1.12 

i.oo 

0.80 

0.9 

Much  improved 

Cases    in    which    the    Average    was    L4-2    Mg.    Per    C.c. 


25 

P 

29 

10  yrs. 

1.2 

1.8 

1.7 

1.5 

1.6 

Much  improved 

26 

F 

38 

4  yrs. 

1.3 

1.7 

1.8 

1.3 

1.6 

Much  improved 

27 

F 

38 

1%  yrs. 

1.1 

1.3 

1.8 

1.75 

1.61 

Much  improved 

28 

M 

20 

8  wks. 

1.1 

1.5 

1.9 

1.3 

1.42 

Much  improved 

29 

F 

37 

2  yrs. 

1.08 

1.17 

2.04 

1.99 

1.05 

1.69 

No  improvement 

30 

F 

35 

3  mos. 

1.12 

1.63 

2.12 

2.17 

1.37 

1.88 

Much  improved 

31 

M 

40 

3  yrs. 

0.97 

1.56 

1.82 

2.54 

1.55 

1.97 

Improved 

32 

F 

32 

1  yr. 

0.94 

1.69 

2.22 

1.97 

0.63 

\.m 

Much  improved 

33 

M 

54 

7  wks. 

1.09 

1.83 

2.31 

1.85 

1.75 

1.97 

Much  improved 

34 

F 

34 

3  yrs. 

1.05 

2.16 

i.eo 

1.85 

Improved 

35 

F 

39 

2  mos. 

1.07 

1.45 

1.46 

1.45 

Much  improved 

36 

M 

17 

2  mos. 

1.12 

i.47 

i.87 

i.n 

1.44 

1.67 

Much  improved 

37 

F 

28 

6  wks. 

1.04 

i.'73 

^M 

1  53 

Recovered 

38 

F 

48 

20  yrs. 

0.87 

i.52 

i.67 

1.19 

1.46 

Improved 

39 

F 

60 

1  yr. 

0.93 

1.86 

1.26 

1.25 

1.45 

Mnch  improved 

40 

F 

35 

2  yrs. 

1.24 

1.98 

.... 

1.61 

1.18 

1.59 

Improved 

41 

F 

24 

1  yr. 

1.06 

1.58 

1.53 

1.51 

1.54 

No  improvement 

42 

F 

40 

2  wks. 

0.88 

1.62 

1.91 

1.64 

1.72 

Much  improved 

43 

F 

60 

15  yrs. 

1.10 

i.75 

1.44 

1.59 

Improved 

44 

F 

28 

4  yrs. 

1.65 

{'m 

i.54 

0.97 

1.48 

Much  improved 

45 

F 

58 

8  yrs. 

1.03 

1.67 

1.67 

1.65 

l.f6 

Improved 

46 

M 

23 

7  yrs. 

1.10 

1.75 

1.50 

1.50 

1.58 

Much  improved 

47 

F 

35 

11  yrs. 

1.17 

1.98 

1.42 

1.22 

1.54 

Improved 

48 

M 

35 

1  yr. 

1.3 

2.0 

1.5 

1.4 

1.6 

Much  improved 

49 

F 

52 

18  mos. 

1.03 

2.50 

1.90 

0.90 

1.7 

Much  improved 

50 

F 

45 

2  wks. 

0.95 

2.54 

2.13 

1.22 

1.65 

Recovered 

51 

M 

45 

10  yrs. 

1.17 

2.16 

1.87 

0.94 

1.65 

No  improvement 

52 

M 

50 

2  yrs. 

1.3 

1.5 

2.2 

1.3 

1.6 

Improved 

53 

F 

29 

6  wks. 

1.2 

2.15 

1.6 

0.95 

1.56 

Improved 

54 

M 

49 

2  yrs. 

1.1 

2.2 

1.55 

1.1 

1.61 

Improved 

55 

F 

36 

8  wks. 

1.3 

2.0 

1.5 

1.4 

1.63 

Much  improved 

56 

M 

47 

9  mos. 

1.08 

2.20 

1.68 

1.85 

1.91 

Much  improved 

57 

F 

54 

1  yr. 

1.13 

2.27 

1.33 

1.80 

Much  improved 

58 

M 

57 

8  yrs. 

1.12 

2.07 

1.74 

1.90 

No  improvement 

59 

r 

34 

5  wks. 

1.29 

1.53 

2.26 

1.41 

1.71 

Recovered 

60 

M 

42 

1  yr. 

1.13 

2.C0 

1.47 

0.95 

1.47 

Much  improved 

61 

M 

30 

5  yrs. 

i;29 

2.08 

2.08 

1.34 

1.83 

Much  improved 

62 

M 

47 

7  wks. 

1.08 

2.20 

1.68 

1.85 

1.91 

Much  improved 

63 

F 

35 

1  yr. 

2.18 

2.20 

1.98 

1.38 

1.85 

Improved 

64 

P 

20 

1  yr. 

1.18 

2.41 

1.92 

1.29 

1.87 

Improved 

65 

F 

26 

8  mos. 

1.07 

2.42 

1.98 

1.36 

1.92 

Improved 

66 

F 

22 

6  wks. 

1.00 

2.00 

3.10 

1.40 

1.83 

Recovered 

67 

F 

43 

6  mos. 

1.2 

2.2 

1.85 

0.75 

1.(0 

No  improvement 
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TABLE  1  (Continued). — Cases  in  which  the  Average  was  1.4-2  Mc.  Per  C.c. 


. 

Dura- 

Fast- 

tion 

ing          % 

1 

1% 

2 

3 

Aver- 

Result of 

Case 

Sex 

Age 

Before 
Admis- 
sion 

Blood     Hour 
Sugar 

Hour 

Hours 

Hours 

Hours 

age 

Treatment 

68 

F 

45 

21^  mos. 

0.95    1     .... 

2.68 

1.11 

1.89 

No  improvement 

69 

M 

iib 

2  yrs. 

0.91 

2.59 

2.11 

1.28 

1.99 

No  improvement 

TO 

M 

31 

6  mos. 

1.02    1     .... 

2.35 

2.0 

1.3 

1.88 

No  improvement 

71 

M 

as 

6  mos. 

1.3 

2.7 

1.7 

0.7 

1.7 

Miicli  improved 

72 

M 

52 

6  mos. 

1.5 

2.5 

1.3 

1.3 

1.7 

Much  improved 

73 

V 

37 

8  yrs. 

1.25 

i.56 

1.67 

1.62 

Mucli  improved 

74 

V 

65 

1  yr. 

1.28 

2.44 

1.79 

1.16 

1.79 

Miicli  improved 

'" 

i)' 

66 

Many 
years 

1.02 

2.06 

" 

1.27 

1.28 

1.53 

Mucli  imiiroved 

76 

M 

34 

1  yr. 

0.98 

2.02 

2.17 

1.32 

1.83 

Improved 

77 

F 

69 

10  yrs. 

1.09 

1.96 

1.56 

1.20 

1.57 

Improved 

78 

h' 

53 

2  yrs. 

1.45 

1.91 

1.64 

1.77 

Improved 

79 

M 

36 

6  yrs. 

1.2 

2.1 

2.25 

0.9 

1.75 

Much  improved 

80 

y 

49 

10  yrs. 

1.2 

2.0 

1.9 

0.9 

1.6 

Improved 

Cases   in  which  the  Average  was  Over  2  Mg.  Per  C.c. 


81 
82 

8s 

84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 


lOO 


F 

26 

7  mos. 

1.29 

1.78 

0  72 

2.17 

1  79 

2.22 

F 

63 

16  mos. 

1.02 

1 

.90 

2.42 

2.27 

1.58 

2.09 

F 

64 

2y2  yrs. 

1.09 

2.17 

2.53 

2.15 

2.28 

F 

22 

6  wks. 

l.OO 

2.60 

2.90 

2.10 

2.53 

F 

35 

4  yrs. 

1.2 

2.4 

2.5 

1.5 

2.1 

F 

14 

2  mos. 

1.1 

2.2 

2.3 

1.5. 

2.0 

F 

55 

4  yrs. 

1.27 

3.03 

3.06 

3.0t 

F 

.54 

6  mos. 

2.28 

3.71 

2.86 

4.26 

3.92 

3.96 

F 

52 

8  mos. 

1.78 

3.17 

2  59 

1  97 

2.57 

F 

64 

6  mos. 

1.5 

3.6 

3.2 

2.0 

2.9 

F 

1.71 

3.51 

3.64 

2.51 

3.22 

F 

52 

4  yrs. 

1.7 

. 

4.2 

4.1 

4.1 

F 

61 

10  yrs. 

1.3 

3.14 

2.68 

0.86 

2  22 

M 

45 

18  mos. 

2.2 

4.5 

4.6 

3.8 

4.3 

F 

47 

5  yrs. 

1.3 

2.6 

3.0 

1.9 

2.5 

F 

32 

5  yrs. 

1.0 

3.47 

2.75 

3.11 

F 

42 

1  yr. 

1.4 

2.1 

1.9 

2.0 

M 

.57 

4  mos. 

1.1 

4.2 

1.4 

0.67 

2.06 

F 

47 

4  wks. 

1.1 

2.55 

2.0 

2.27 

F 

27 

1  yr. 

1.34 

_ 

3.70 

3.30 

3.10 

3.37 

Recovered 

Miicli  improved 
Mucli  improved 
Miicii  improved 
No  improvement 
Recovered 
Improved 
Mucli  improved 
Recovered 
Mucli  improved 
Much  impioveil 
Much  improvoii 
Much  improved 
Much  improved 
Much  improved 
Much  improved 
Much  improved 
Much  improved 
Mucli  improved 
No  improvement 


Group  II  and  four  to  Group  III.  It  may  also  be  noted  that  there  is 
no  correlation  between  the  figures  obtained  and  the  duration  of  the 
illness. 

A  division  of  the  cases  according  to  sex  shows  that  in  Group  I 
fifteen  are  men  and  nine  women;  in  Group  II,  twenty  are  men  and 
thirty-six  women ;  in  Group  III,  two  are  men  and  eighteen  women. 
The  women,  therefore,  have  a  lower  tolerance  than  the  men. 

An  examination  of  the  urine  for  sugar  during  the  test  was  done  in 
the  earlier  cases,  but  it  was  found  that  no  glycosuria  occurred,  even 
when  the  blood  sugar  rose  above  1.7  mg.  per  c.c.  for  a  short  time,  and 
also  the  urine  would  show  the  absence  of  sugar  throughout  the  test  in 
cases  showing  a  rise  to  1.7  and  remaining  near  this  point  for  three 
hours.  The  examination  of  the  urine  following  administration  of  sugar 
could  not  be  used  as  a  substitute  for  the  blood  sugar  readings,  and  as  it 
did  not  provide  any  additional  information  bearing  on  the  point  in 
question,  the  examination  was  not  continued. 

The  Result  of  Dietetic  Treatment. — The  majority  of  the  patients 
appeared  to  have  received  benefit  by  the  treatment  described.     Of  the 
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lOG  patients,  eight  recovered.  These  cases  were  necessarily  of  less 
severity  than  the  average  and  had  not  gone  on  to  permanent  joint 
change.  Forty-three  were  much  improved,  twenty-eight  were  improved 
and  twenty-one  showed  no  impro\-ement.  The  improvement  showed 
itself:  (1)  in  the  objective  signs;  (2)  in  relief  from  the  pain  and  dis- 
tress suffered  by  the  patient,  and  (3)  in  improvement  in  the  general 
health.  In  the  twenty-eight  patients  grouped  as  improved,  the  result 
was  largely  subjective  without  much  objective  evidence  of  change  in 
the  joint.  The  forty-six  who  were  much  improved  showed  change  on 
examination  of  the  joint,  as  evidenced  by  decreased  swelling,  decreased 
limitation  of  movement  and  relief  of  muscle  spasm.  In  some  of  these 
cases  the  improvement  was  immediate  and  striking,  and  no  doubt  could 
be  entertained  that  it  was  the  direct  result  of  dietetic  treatment.  In 
two  cases,  a  fall  in  temperature  of  2  degrees  (to  normal)  occurred 
within  forty-eight  hours  of  instituting  treatment.  As  a  rule,  however, 
improvement  set  in  slowly,  starting  in  three  or  four  days  and  being 
well  marked  in  two  or  three  weeks.  After  a  month  of  treatment  fur- 
ther progress  was  slow,  but  it  was  often  marked  enough  to  justify  con- 
tinuance of  the  diet  for  many  months  in  favorable  cases.  Improve- 
ment in  general  health  was  generally  a  feature  of  the  progress.  Many 
of  the  patients  suffered  especially  from  some  form  of  chronic  dyspep- 
sia, such  as  eructations  of  gas,  loss  or  marked  increase  of  appetite  and 
abdominal  distress.  These  symptoms,  with  very  few  exceptions,  were 
very  much  relieved  by  the  dietetic  regimen,  and  sometimes  entirely  so. 
Constipation  was  present  in  the  majority  of  the  cases,  often  of  a  very 
obstinate  form,  and  while  at  first  this  symptom  might  be  aggravated 
somewhat,  most  patients  at  the  end  of  their  course  of  treatment  would 
report  at  least  considerable  relief  from  this  symptom.  Three  patients 
were  relieved  of  chronic  eczema.  For  the  first  week  or  two  there  was 
almost  always  some  loss  of  weight.  In  a  patient  who  was  overweight 
this  was  desirable,  and  he  was  encouraged  to  reduce  his  weight  further. 
Underweight  was  found  to  be  no  contraindication  to  the  diet,  for  after 
a  loss  of  from  5  to  10  pounds,  no  further  loss  was  observed  and  some- 
times the  loss  was  followed  by  a  gain  to  the  original  weight  or  even 
more.  Patients  who  were  underweight  received  as  much  benefit  as  did 
those  who  were  overweight. 

As  to  undesirable  results  of  the  treatment,  one  or  two  patients  were 
unable  to  take  milk  and  some  other  low  diet  was  substituted.  One 
patient  had  nausea  and  vomiting.  This  patient  was  found  to  have  a 
heavy  indicanuria  and  after  a  diet  of  vegetables,  fruit  and  liread  and 
butter  for  a  week,  he  was  able  to  continue  with  the  program  outlined. 
No  other  ill  effects  were  observed  as  a  result  of  the  treatment. 
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These  results  are  summarized  in  Table  2.  A  separate  tabulation 
of  the  results  with  male  and  female  cases  shows  that  females  are  much 
more  suitable  for  such  treatment  than  males.  The  eight  patients  who 
recovered  were  women. 

The  Relationship  of  the  Sugar  Tolerance  to  the  Effect  of  Reduction 
in  Diet. — In  those  cases  described  as  improved,  the  measure  of  improve- 
ment is  largely  dependent  on  the  statement  of  the  patient  and  is  more 
or  less  an  uncertain  quantity.  These  cases,  therefore,  have  been  con- 
sidered together  with  those  unimproved  for  the  purpose  of  demonstrat- 
ing this  relationship.  The  recovered  cases  are  considered  with  those 
much  improved,  as  these  cases  showed  definite  objective  changes  as  a 
result  of  the  treatment.     The  results  are  shown  in  Table  3. 

TABLE  2. — Summary  of  the  Results  ok  Dietetic  Treatment 


Recovered 

Much  improved. 

Improved 

Not  improved... 


TABLE  3. — The   Effects  of  Treatment  on   Cases  Grouped  According 
TO  THE  Sugar  Tolerance 

Average  Blood  Sugar  Reading 
for  Three  Hours 


Total 

Male 

Female 

8 

0 

8 

43 

14 

29 

28 

10 

18 

21 

13 

8 

Less  than  1.4  1.4  to  2  More  than  2 

Recovery   or   showing  objective   improvement 3  (12.5%)  31  (55.3%)  17  (85%) 

No    objective    improvement.... 21(87.9%)  25(44.7%)  3(15%) 


TABLE  4. — Analysis  of  Cases  on  Basis  of  Sex. 


Less  than  1.4 

1.4  to  2 

More  than  2 

Recovery  or  showing  objective  improve- 
ment     

Men       Women 
0               3 
15               6 

Men       Women 
12              19 
8              17 

Men       Women 
2              \T, 

No  objective  improvement 

0                2 

Table  4  shows  a  similar  relationship  of  the  results  on  the  sugar  tol- 
erance when  the  male  and  female  cases  are  separately  analyzed. 

These  figures  show  that  the  response  to  reduction  of  diet  in  an 
arthritic  is  roughly  proportionate  to  the  reduction  of  the  sugar  tolerance. 
This  relationship,  however,  is  not  without  quite  evident  exceptions. 
Case  100,  with  an  average  over  Z.Z,  was  a  well  nourished  woman 
without  evidence  of  any  focus  of  infection  which  might  interfere  with 
progress,  yet  no  effect  of  any  sort  was  observerl  as  a  result  of  the 
treatment,  and  after  six  weeks  she  gave  it  up.  In  Cases  85  and  87 
some  relief  of  symptoms  was  api)arent  without  any  objective  change. 
Both  patients,  however,  were  sufficiently  impressed  with  the  value  of 
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the  treatment  to  continue  with  the  diet  for  several  months.  One 
patient  (Case  8),  who  had  an  ahnost  normal  tolerance,  showed 
immediate  improvement  and  has  had  no  relapse  after  eighteen  months. 
Cases  15  and  24  showed  some  improvement  on  examination,  but  this 
progress,  however,  was  quite  less  than  the  average  result.  These  cases, 
however,  were  decidedly  the  exceptions  and  it  is  felt  that  in  a  case  with 
a  low  tolerance  one  is  able  to  offer,  with  confidence,  a  good  prospect 
of  improvement ;  while,  on  the  other  hand,  a  case  with  normal  tolerance 
seldom  showed  progress  enough  to  encourage  one  to  recommend  this 
form  of  treatment  as  a  routine  procedure. 

DISCUSSION 

Many  of  the  factors  exerting  an  influence  on  sugar  metabolism  are 
still  somewhat  obscure,  and  the  clinical  significance  of  the  glucose 
tolerance  test  is  as  yet  uncertain.  The  test  was  originally  introduced 
with  the  object  of  detecting  the  potential  diabetic  but  the  occurrence 
of  a  low  tolerance  in  other  conditions  has  rendered  its  use  for  this 
purpose  somewhat  unreliable  when  considered  by  itself.  A  low  tolerance 
has  also  been  accepted  as  evidence  of  some  endocrine  unbalance  but  its 
value  here  is  as  yet  unproved.  There  is  some  evidence  to  suggest  that 
a  disturbance  of  the  sugar  tolerance  is  associated  with  infections,  as 
suggested  by  Pemberton  and  Foster  ^  and  also  by  the  studies  of  F.  M. 
Allen  "  and  others  on  diabetics.  Our  own  experience  would  bear  this 
out.  In  one  case  a  slightly  lowered  tolerance  was  converted  into  a  very 
much  lowered  tolerance  by  the  operation  of  tonsillectomy,  and  for  three 
weeks  the  blood  sugar  remained  above  3  for  the  three  hours  of  the 
tolerance  test.  After  four  weeks  the  tolerance  test  returned  to  the 
original  reaction.  It  is  our  opinion  that  this  temporar}^  disturbance  of 
sugar  tolerance  was  due  to  a  lighting  up  of  the  infection  at  the  site  of 
the  operation!  As  a  general  rule,  the  tolerance  is  increased  by  removal 
of  foci  of  infection.  It  is  reasonable  then,  to  account  for  the 
lowering  of  tolerance  in  arthritis  by  the  presence  of  an  infection,  and 
Pemberton  suggests  that  the  rationale  of  his  dietetic  treatment  is  that 
he  is  catering  to  a  function  weakened  by  infection.  But,  on  the  face 
of  it.  it  is  difficult  to  believe  that  in  some  of  the  milder  causes  of 
Group  III  such  a  disturbance  in  sugar  metabolism  could  be  brought 
about  by  the  arthritic  infection  alone. 

If  the  lowering  of  the  tolerance  is  not  the  result  of  the  disease 
process,  it  is  quite  possible  that  it  is  associated  with  the  pathogenesis 
of  arthritis.  Clinical  observation  would  seem  to  offer  some  support 
of  this  hypothesis.  In  one  case  we  were  able  to  produce  an  acute 
exacerbation  of  the  disease  by  allowing  carbohydrates  freely;  this  was 


6.  Allen,  F.  M. :  Unpublished  Studies  on  Diabetes  quoted  by  Sherrill,  J.  W., 
J.  A.  M.  A.  77:23   (Dec.  3)    1921. 
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done  three  times  in  tlie  same  case.  Pemberton  brought  about  a  similar 
relapse  in  one  of  his  cases  in  the  same  way.  When  the  former  diet 
of  the  patients  is  scrutinized,  it  is  often  found  to  have  been  unbalanced, 
especially  in  excess  of  carbohydrate  food,  and  the  frequency  of  this 
observation  is  such  as  to  suggest  that  it  should  be  considered  as  a 
possible  cause  of  the  condition.  And,  lastly,  the  results  of  treatment 
in  the  present  series  of  cases  would  appear  to  have  an  important  bear- 
ing on  this  point.  No  explanation  is  sufficient  which  suggests  that  the 
treatment  is  directed  simply  toward  the  relief  of  some  secondary 
process,  for  sometimes  the  response  is  so  marked  and  so  striking  that 
one  is  convinced  that  the  diet  must  be  closely  related  to  the  origin  of 
the  disease,  and  the  relationship  of  the  sugar  tolerance  to  these  results 
would  indicate  that  this  origin  is  intimately  connected  in  some  way 
with  the  metabolism  of  carbohydrates. 

Further  discussion  of  this  subject  may  be  speculative,  but,  perhaps, 
one  or  two  more  points  may  be  brought  up.  When  various  low  diets 
were  being  tried,  it  was  found  that  reduction  of  carbohydrates  alone 
did  not  yield  the  best  results,  and  the  diet  finally  chosen  was  one  which 
was  not  only  low  in  calories  but  which  was  rich  in  vitamin  content. 
Results  with  this  diet  appeared  to  be  favorable  enough  to  suggest  the 
existense  of  an  actual  vitamin  deficiency.  Others,  notably  Thompson,^ 
have  emphasized  the  importance  of  these  accessory  food  factors  in  the 
diet  of  arthritics.  The  addition,  however,  to  the  patient's  former  diet 
of  food  rich  in  vitamin  was  by  no  means  as  effective  as  the  combination 
of  vitamins  with  a  subcaloric  diet,  as  described,  and  if  a  vitamin 
deficiency  exists  in  those  cases  which  received  benefit  by  reduction  of 
carbohydrates,  it  is  likely  that  carbohydrates  play  some  part  in  the 
production  of  this  deficiency.  McCarrison  -  and  Mellanby  "  have  found 
that  carbohydrate  excess  is  an  important  factor  in  deficiency  disease, 
and  Funk  ^"  associates  vitamin  B  with  carbohydrate  metabolism — 
reporting  a  hvperglvcemia  in  beriberi.  Findlay.  Paton  and  Sharpe  ^^ 
found  a  decreased  sugar  tolerance  in  a  case  of  rickets.  McCarrison 
further  believes  that  excess  of  fats  as  well  as  carbohydrates  must  be 
considered  in  the  production  of  deficiency  disease.  This  fits  in  well 
with  our  own  observations  on  the  dietetic  treatment  of  the  arthritics 
who  were  overweight.  For  in  these  cases,  reduction  of  fat  has  always 
appeared  beneficial,  and,  while  reduction  of  fat  has  not  been  urged  in 
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those  underweight,  it  has  been  given  in  the  form  of  cod  liver  oil  and 
cream  in  moderation.  Such  a  deficiency  would  also  account  for  the 
relationship  of  diet  with  what  appears  to  be  a  infectious  disease,  for  it 
has  been  repeatedly  found,  as  pointed  out  by  McCarrison  *  and  Hess  ^^ 
that  infections  readily  light  up  in  deficiently  fed  animals. 

If,  then,  excess  of  the  energy  bearing  constitutents  of  the  food  may 
induce  deficiency  disease,  especially  in  the  presence  of  inadequate 
vitamins  and  protein,  and  if  infections  are  liable  to  appear  before 
actual  deficiency  syndromes  develop,  it  is  a  fair  hypothesis  that  in  the 
presence  of  some  focus  of  infection  lack  of  balance  in  the  diet  is  a 
cause  of  chronic  arthritis  in  a  large  number  of  cases,  and  that  the 
results  reported  in  this  paper  are  due  to  measures  directed  toward  the 
correction  of  this  defect. 

These  considerations  are  presented  with  the  full  appreciation  of  the 
fact  that  one  phase  only  of  the  treatment  has  been  dealt  with.  If 
diet  is  a  factor  in  the  etiology  of  this  disease,  there  are  likely  many 
others,  as,  foci  of  infection,  exposure,  fatigue  and  other  disease. 
Influenza  was  the  exciting  cause  in  many  of  the  cases  studied,  and  these 
cases  were  sometimes  among  those  most  favorably  influenced  by  diet. 
It  is  interesting  to  note  that  a  low  sugar  tolerance  may  follow  this  dis- 
ease (Cowie  and  Beavan  ^^). 

No  special  observations  are  included  as  to  the  value  of  other  therapy 
for  the  object  of  the  investigation  was  to  study  the  value  of  diet  alone, 
but  after  this  had  been  observed,  it  was  found  worth  while  to  institute 
other  forms  of  treatment,  especially  hydrotherapy  and  physiotherapy. 
Foci  of  infection,  when  of  considerable  size,  appeared  to  interfere  with 
the  favorable  effects  of  diet,  and  it  is  recommended  that  these  should 
always  be  looked  for  and,  if  possible,  removed  before  dietetic  treatment 
is  started.  One  patient,  however,  recovered  in  spite  of  the  existence 
of  several  abscesses  at  the  roots  of  the  teeth,  which  the  patient  had 
refused  to  have  extracted.  But  such  infectious  foci  were  found  only 
in  a  minority  of  the  cases,  and  when  removed  none  of  the  eitects 
reported  here  could  be  attributed  to  this  procedure. 

The  more  favorable  results,  along  with  the  considerably  lower 
tolerance  in  w'omen,  might  call  for  some  comment.  This  might  be 
associated  with  some  fundamental  difference  in  their  metabolism,  to 
their  manner  of  living,  or,  perhaps,  to  their  dietetic  habits.  Certainly, 
lack  of  balance  in  diet  is  more  frequently  found  among  women  than 
among  men,  especially  carbohydrate  excess,  with  an  inadequacy  of 
protein.  In  this  connection,  it  might  be  mentioned  that  reduction  of 
protein  in  chronic  arthritis,  as  is  so  often  practised,  appears  to  be  pro- 
ductive of  much  harm. 
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CONCLUSIONS 

1.  Of  100  cases  of  chronic  arthritis,  reduction  of  diet  alone  appeared 
to  result  in  the  recovery  of  eight  patients  and  in  quite  evident  improve- 
ment in  forty-three. 

2.  The  sugar  tolerance  was  decreased  in  the  large  majority  of  these 
cases,  and  this  decrease  showed  no  relationship  to  the  severity  of  the 
disease. 

3.  Patients  who  have  a  low  tolerance  are  much  more  frequently 
benefited  by  reduction  in  diet  than  those  cases  with  a  normal  tolerance. 

4.  In  certain  cases  of  chronic  arthritis,  dietetic  regulation  appears  to 
be  the  most  effective  form  of  treatment,  and  while  the  value  of  such 
treatment  in  an  individual  case  cannot  be  determined  with  certainty, 
the  lowering  of  the  sugar  tolerance  is  a  useful  clinical  indication  for 
this  procedure. 

5.  Female  patients  derive  greater  benefit  from  such  treatment  than 
men,  and,  as  a  rule,  they  show  a  lower  tolerance. 


VARIATIONS     IN     ALIQUOT     FRACTIONS     OF 
GASTRIC     CONTENTS  * 

NICHOLAS     KOPELOFF 

NEW     YORK     CITY 

In  a  previous  paper  ^  attention  has  been  directed  to  the  fact  that 
single  determinations  of  gastric  acidity  by  the  Rehfuss  method  are 
not  sufficient  on  which  to  base  conclusions,  because  they  do  not  take 
into  account  individual  variation.  Another  important  question  which 
arises  in  evaluating  results  obtained  by  this  method  is  whether  the 
aliquot  fractions  aspirated  are  truly  representative  of  the  total  gastric 
contents  at  the  time  of  withdrawal.  Recently,  Gorham  -  has  shown 
that  "the  gastric  chyme  is  not,  in  the  majority  of  instances,  a  homo- 
geneous mixture  after  a  test  meal,  and  that  the  acidity  of  different 
portions  may  vary  widely."  He  found  on  the  withdrawal  in  rapid 
succession  of  many  samples  that  there  was  a  marked  variation  in 
acidity  of  these  samples  in  subjects  having  clinical  evidence  of  gastric 
disease.  Such  variations  were  not  so  apparent  in  subjects  without 
clinical  evidence  of  gastric  disease,  although  W'heelon  '  has  reported 
some  interesting  variations  in  normal  subjects. 

PART  I 
In  view  of  the  important  bearing  of  this  observation  on  the  errors 
involved  in  the  Rehfuss  fractional  method  of  gastric  analysis,*  the 
following  experiment  was  conducted.  A  group  of  subjects  showing 
no  clinical  evidence  of  gastric  disease  were  given  the  standard  Ewald 
meal  after  removal  of  the  fasting  contents.  No  further  samples  were 
aspirated  until  three-quarters  of  an  hour  had  elapsed,  whereupon  the 
entire  gastric  contents  were  removed  as  rapidly  as  possible  by  the  suc- 
cessive withdrawal  of  10  c.c.  samples.  This  procedure  usually  required 
ten  or  fifteen  minutes.  The  acidity  of  the  samples  was  then  determined 
in  the  usual  manner  by  the  titration  and  colorimetric  methods.^  The 
results  are  presented  in  Figures  1,  2,  3,  4,  5,  6  and  7.  Figures  1  to  5 
represent  the  graphs  of  psychotic  subjects,  while  Figures  6  and  7  are  of 
normal  individuals. 


*  Read  at  Society  for  Experimental  Biology  and  Medicine,  Jan.  18,  1922. 

*  From  the  Department  of  Bacteriology,  Psychiatric  Institute  of  the  Xew 
York  State  Hospitals,  Ward's  Island. 

1.  Kopeloff,  X. :  Individual  Variation  as  Influencing  the  Rehfuss  Fractional 
Method  of  Gastric  Analysis,  J.  A.  M.  A.  78:404   (Feb.  11)    1922. 

2.  Gorham,  F.  D. :  Variations  of  Acid  Concentration  in  Different  Portions 
of  the  Gastric  Chvme,  and  Its  Relation  to  Clinical  Alethods  of  Gastric  Analysis, 
Arch.  Int.  Med.  27:434   (April)    1921. 

3.  Wheelon,  H. :  Relation  of  the  Gastric  Content  to  the  Secretory  and 
Motor  Functions  of  the  Stomach,  Arch.  Int.  Med.  28:613   (Nov.  15)   1921. 

4.  Editorial:  Critique  of  Gastric  Analysis,  J.  A.  M.  A.  77:202  (July  16)  1921. 


KOPELOFF— GASTRIC    COXTEXTS 


119 


TABLE   1. — Variation  in  10  C.c.     Fractions   Removed  in  Rapid  Succession 
BY  the  Rehfuss  Tube  Three  Quarters  of  an  Hour  After  the  Meal 


Patient 

M.  Hr 

M.  Kn 

M.  By 

I.  Sn 

E.Kg 

Normal  Contrcls: 

M  Ma 

C.  Te 


Xumber 
Samples 

C.C.  N/10 

NaOH 
High  Pt. 

C.c.  N/10 

NaOH 

Low  Pt. 

Average 

Average 
Deviation 

10 
14 
5 

94 
82 
74 
51 
41 

11 
41 
41 
33 
28 

38 
6fi 
56 
43 
35 

-HI  8.0 
-1-11.5 
-f-  8.0 
-H  3.5 
±  5.0 

14 
0 

63 
69 

35 

58 

51 
64 

-+■  r.o 

±  3.0 

The  data  have  heen  further  summarized  in  Tahle  1.  It  is  evident 
that  there  is  a  wide  variation  in  the  acidity  of  successive  samples  taken 
from  the  same  individuaL  For  example,  in  the  first  subject  (M.  Hr.)  the 
variation  between  the  high  point  (94)  and  the  low  point  (11)  is  83. 
Such  a  striking  divergence  means  that  there  is  a  gross  error  involved 


Fig.  1. — The  ordinates  0-90  represent  cubic  centimeters  of  tenth  normal  sodium 
hydroxid  per  100  c.c.  of  gastric  contents;  pn,  from  1.0  to  3.0:  the  hjdro- 
gen-ion  concentration  measured  colorimetrically.  The  abcissae  represent  the 
number  of  samples  taken ;  with  the  linal  column  as  an  average  of  the  preceding 
acidities.  The  colorless  portion  of  each  column  represents  the  free  acidity, 
while  the  light  and  the   shaded  portions  together  represent  the  total  acidity. 

in  assuming  any  single  sample  as  being  representative  of  the  total 
gastric  contents.  The  last  colttmn  marked  ''average  deviation"  brings 
this  out  mathematically.  The  average  deviation  is  calculated  in  the 
following  manner.  The  individual  readings,  such  as  94,  19,  11,  45,  34, 
38  and  26,  are  averaged,  giving  a  mean  of  38.     The  first  reading  (94) 
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deviates  from  the  mean  by  56;  the  second  reading  deviates  by  19,  and 
the  third  by  27 — and  so  on.  The  sum  of  these  deviations  is  131. 
Dividing  by  the  number  of  instances  (7)  one  obtains  the  average  devia- 
tion, which  is  ±  18.  In  other  words,  considering  the  first  subject,  any 
single  sample  might  be  18  more  or  18  less  than  the  average  of  all 
samples — which  is  virtually  a  range  of  uncertainty  amounting  to  36. 
Obviously,  comparisons  or  conclusions  based  on  such  an  uncertain 
method,  when  the  experimental  error  is  not  calculated  or  taken  cogni- 
zance of,  are  open  to  severe  criticism. 

It  is  scarcely  necessary  to  discuss  in  detail  the  results  obtained  with 
the  other  subjects,  for  they  merely  emphasize  in  varying  degree  the 
points  already  established.  Suffice  it  to  say,  that  there  was  little 
difference  between  the  normal  controls  and  the  psychotic  patients  having 
a  similar  acidity.  In  other  words,  it  seems  to  be  generally  true  that 
in  subjects  showing  a  fairly  high  gastric  acidity  one  is  more  likely  to 
find  wider  fluctuations  than  in  those  having  a  lower  acidity.  This  may, 
perhaps,  account  for  Gorham's  findings,  namely,  that  subjects  with 
evidence  of  clinical  disease,  show  wider  fluctuations  than  the  normal ; 
and  one  may  really  expect  that  individuals  without  clinical  evidence 
of  disease  who  have  a  high  acidity  will  also  exhibit  wide  variations. 

PART  II 
The  above  experiment  explains,  in  part,  the  great  variety  of  acidity 
curves  obtainable  by  the  fractional  method  of  gastric  analysis,  and  the 
fundamental  errors  involved  in  single  determinations.  The  fraction 
obtained  at  any  one  moment  cannot,  therefore,  be  accepted  as  repre- 
sentative of  the  total  gastric  contents,  for  it  is  entirely  dependent  on  the 
position  of  the  tip  of  the  tube  in  the  stomach  at  the  moment  of  with- 
drawal. Obviously,  this  position  "is  necessarily  a  constantly  changing 
one,  due,  first,  to  the  change  of  size  and  position  of  the  stomach  while 
emptying  itself  through  the  pylorus,  and  by  aspiration;  second,  the 
shortening  and  lengthening  of  the  stomach  from  gastric  contraction ; 
third,  the  peristaltic  waves  that  tend  to  carry  the  tube  toward  the 
pylorus."-  The  experiment  described  in  Part  1,  indicates  that  the 
gastric  contents  are  not  homogeneous,  but  the  method  involved  is  open 
to  criticism  on  the  ground  that  some  little  time  is  required  to  rapidly 
withdraw  the  successive  samples,  and  that  during  such  lapse  of  time  the 
gastric  acidity  might  actually  be  undergoing  change.  The  following 
experiment,  therefore,  was  designed  not  only  to  yield  definite  informa- 
tion concerning  the  acidity  in  dift'erent  parts  of  the  stomach  at  the  same 
moment,  but  also  to  eliminate  the  lapse  of  time  required  in  withdrawing 
several  samples.  The  following  procedure  was  carried  out  on  three 
subjects,  two  psychotic  patients  and  a  normal  individual.  A  Rehfuss 
tube  was  inserted  to  a  depth  of  50  cm.   (measured   from  the  teeth). 
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Then  a  second  Rehfuss  tube  was  inserted  to  a  depth  of  45  cm.;  and, 
finally,  a  third  Rehfuss  tube  was  inserted  to  a  depth  of  40  cm.  The 
gastric  contents  of  each  subject  were  removed  simultaneously  through 
all  three  tubes,  by  having  the  operators  aspirate  the  contents  at  the 
same  moment.  The  tubes  were  labeled  and  special  care  was  taken  to 
have  each  tube  at  the  proper  level  before  any  gastric  contents  were 
removed.  The  standard  Ewald  meal  was  given  and  as  usual,  at  fifteen 
minute  intervals,  samples  were  withdrawn,  except  that  during  these 
fractional  analyses,  three  samples  were  aspirated  simultaneously  at  the 
designated  time.  At  the  end  of  the  ana.lyses,  each  subject  was  given 
a  glass  of  milk  containing  a  small  amount  of  bismuth  subnitrate  (15 
grains)  and  a  roentgenogram  was  taken  to  determine  the  relative  posi- 


TABLE  2. — Variation   ix  Acidity  of  Three  Aliquot  Fractions  of   Gastric 
Contexts  Withdrawn   Simultaxeously    (M.   McA.) 


Time, 
Hours 

Total 
Acid 

Average      ± 
Average  Deviation 

Free 
Acid 

Average      ± 
Average  Deviation 

Ph 

Average      ± 
Average  Deviation 

r.  c. 

45 
22 

34 

^ 

12 

33 
9 

21 

±: 

12 

1.6 
1.6 

1.6 

■+ 

0 

V4. 

22 
30 

20 

+ 

8 

12 
IS 
0 

10 

7 

3.4 
2.5 
5.4 

3.8 

± 

1.1 

.% 

39 
39 
22 

33 

±: 

8 

18 
27 
14 

20 

± 

5 

3.0 

2.9 
2.9 

2.9 

■+ 

0 

% 

69 
56 
28 

51 

± 

15 

38 
30 
18 

29 

± 

- 

2.2 
2.4 
2.1 

2.2 

± 

0.1 

1 

74 
63 
21 

53 

±: 

21 

51 
42 
14 

36 

±: 

14 

1.7 

2.'5 

2.1 

± 

0.4 

1V4 

rs 

68 
37 

59 

+ 

15 

49 
in 
29 

41 

± 

8 

18 
i!8 

1.8 

± 

0 

IV2 

47 
63 
36 

49 

± 

10 

35 

42 
22 

33 

± 

7 

2.1 
1.8 

2.1 

2.0 

± 

0.1 

1% 

42 
43 

S 

31 

_^ 

15 

28 
29 
0 

19 

±: 

12 

2.1 
1.9 

4.5 

2.8 

± 

1.1 

2 

35 

27 

31 

^ 

4 

22 
19 

21 

± 

1 

1.9 

2.0 

2.0 

■+ 

0 

tions  of  the  Rehfuss  tubes  maintained  at  a  constant  level.  The  acidity 
of  the  samples  was  determined  in  the  usual  manner  by  titration  and 
colorimetric  methods.  The  results  of  total  acidity  are  graphically  pre- 
sented in  Figures  8,  9  and  10,  and  summarized  in  Tables  2,  3  and  4. 

In  Table  2,  may  be  found  several  points  of  interest.  Chief  among 
these  are  the  wide  variations  occurring  in  the  total  or  free  acidity  of 
the  three  fractions  aspirated  at  any  one  time.  Glancing  down  the 
second  column  marked  "total  acid"  it  is  seen  that  at  the  one  hour  period 
there  is  a  variation  from  21  to  74.  or  an  actual  difference  of  53.  This 
is,  perhaps,  larger  than  the  differences  found  at  other  periods,  but 
since  the  one  hour  period  is  ordinarily  of  special  interest,  these  figures 
are  significant.     In  the  third  column  is  given  the  average  of  the  three 
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TABLE  3.— Variation   in   Acidity  of  Three  Aliquot  Fractions  of  Gastric 
Contents  Withdrawn  Simultaneously   (M.  Hr.) 


Time,         Total  Average      tt          Free          Average      ± 
Hours          Acid     Average  Deviation     Acid     Average  Deviation 

F.  C.            19  5 

25  22    ±      3                 II                   8    ±      3 

Vi              17  13 

25  15 

22  21    ±3                 10                 13    ±      2 

%               42  26 

40  29 

41  41     ±      1  31                  29    ±      2 
%               61  -44 

72  54 

56  63     ±      6                  43                  47     ±      5 

1                  70  '  48 

82  66 

65  72    ±6                 51                 55    ±      7 

1^               79  GO 

71  56 

62  71    ±      6                 48                 55    ±      4 

114               C5  56 


65  53 

48  59    ±      7                 38 

1%               80  71 

58  47 

51  63     ±     11                  43 

2                   74  64 

61  53 

61  65     H-      6                  54 


Ph 

Average      ± 
Average  Deviation 

5.0 

4.0 

4.5    ± 

0.5 

S.O 
3.0 

3.0    -1- 

0 

2.3 
2.3 
2.1 

2.2    -t- 

0.1 

2.1 
1.8 

1.9     -t- 

0.2 

1.9 
1.6 
1.6 

1.7    + 

0.1 

i;7 

1.7    -t- 

0 

1.6 

1.7    ± 

0 

i!7 

1.7    -+- 

0 

].6 

1.6 

1.6    -4- 

0 

TABLE  4. — Variation   in  Acidity  of  Three  Aliquot   Fractions   of  Gastric 
Contents  Withdrawn  Simultaneously    (M.  By.) 

Average      ±  Free  Average      ± 

Acid     Average  Deviation     Acid     Average  Deviation 
43 
41 

38    ±    20  0  28    ±    19 

27 

23 
27    ±6  13  21     ±      5 

33 

19 
33    ±    11  8  20    ±      9 

49 

51 
54    ±    17  19  40    ±    14 

60 

63 
69    ±      7  44  56    ±      8 

64 

73 
75    ±      3  57  65    ±      6 

64 

62 
73    ±      8  44  57    ±      8 

61 

66 
68    +    11  37  55-1-    12 


Time, 

Tot 
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fractions  with  the  calculated  average  deviation.  This  shows  con- 
clusively how  large  the  margin  of  uncertainty  actually  is,  if  one  assumes 
any  single  reading  as  representative  of  the  total  gastric  contents  at 
any  particular  moment. 
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gen ion  concentration  measured  colorimetrically.  The  abcissae  represent  quarter 
hour  intervals,  and  F.  C. ^fasting  contents.  The  broken  line  represents  the 
fraction  taken  from  the  tube  at  50  cm. ;  the  dash  and  dot  alternately,  represents 
the  fraction  taken  from  the  tube  at  45  cm. ;  the  dash  and  several  dots  alter- 
nately, represents  the  fraction  taken  from  the  tube  at  40  cm.;  while  the  solid 
line  represents  the  average  of  the  three  fractions  taken. 
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Figure  11  brings  this  point  out  even  more  strikingly.  Usually,  the 
higher  the  acidity,  the  wider  the  margin  of  uncertainty — a  generaliza- 
tion already  referred  to  in  Part  I.  It  is  apparent  from  this  graph  that 
curves  of  various  kinds  could  be  drawn  within  the  shaded  area,  from 
one  designated  by  Rehfuss  isosecretory  to  one  designated  hyposecretory. 
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This  substantiates  my  earlier  contention  that  a  single  determination  by 
the  Rehfuss  fractional  method  of  gastric  analysis  is  not  sufficiently 
valid  on  which  to  base  a  conclusion.^  It  is  clearly  shown  in  the  data 
here  presented,  that  fractions  taken  from  different  parts  of  the  stomach 
are  not  homogeneous  in  character,  but  differ  widely  in  acidity.  The 
roentgenograms  indicate  the  relative  position  of  the  tul)es  during  the 
analyses.     One  of  these  is  shown  in  Figure  12. 

As  might  be  expected,  the  free  acidity  values  in  Table  2,  in  general, 
run  parallel  to  those  obtained  for  total  acidity.  But  it  is  noteworthy 
that  this  does  not  hold  true  for  pn-  Here  there  is  much  closer  agree- 
ment between  the  three  fractions  than  when  acidity  is  measured  by 
titration.  This  means  that  the  buffer  salts  are  of  paramount  importance 
in  the  measurement  of  true  gastric  acidity.    This  lends  further  emphasis 


Fig.  11. — The  points  in  circles  in  the  shaded  area  represent  the  average  of 
the  three  fractions  at  the  time  indicated  on  the  abcissae,  while  the  shaded  area 
above  and  below  each  point  indicates  the  possible  range  into  which  the  reading 
at  that  moment  might   fall. 

to  the  valuable  work  of  Shohl  ^  and  shows  how  misleading  an  index 
of  gastric  acidity  a  single  titration  may  be. 

The  other  tables  bring  out  in  varying  degree  the  facts  already 
referred  to  and  do  not  require  a  repetition  of  the  discussion.  It  is  of 
interest,  however,  to  note  that  the  normal  individual  (M.  McA.) 
exhibited  even  wider  fluctuations  in  three  fractions  aspirated  at  the 
same  time,  than  the  two  psychotic  subjects  (M.  Hr.  and  M.  By.),  so 
that  it  cannot  be  said  that  the  mental  status  has  any  particular  bearing 
on  the  point  at  issue.  Naturally,  various  individuals  would  be  expected 
to  differ  with  regard  to  the  homogeneity  of  their  gastric  contents ; 
nevertheless,  this  experiment  indicates  that  it  is  erroneous  to  assume 
that  any  such  homegeneity  exists. 


5.  Shohl.  A.   T. :    Determination   of  the  Aciditv   of   Gastric   Contents,   Johns 
Hopkins   Hosp.  Bull.  31:152    (May)    1920. 
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In  Tables  2,  3  and  4,  a  rather  interesting  phenomenon  obtains.  The 
fraction  taken  from  the  tube  inserted  at  40  cm.  is  ahnost  invariably 
lower  in  total  and  free  acidity  than  the  fractions  taken  at  a  depth  of 
45  or  50  cm.  Furthermore,  these  samples  were  totally  different  in 
physical  character — being  of  a  much  lighter  color  often,  water-white, 
and  containing  lesser  amounts  of  starch.  This  is  to  be  expected  from 
the  work  of  Prym  '^  and  Sick,'  who  have  shown  that  the  acidity  of  the 
pyloric  gastric  contents  varies  considerably  from  the  fundal  portion,  but 
their  methods  are  not  as  conclusive  as  the  one  herein  described,  since 


Fig.  12. — Relative  iKj.-ition  of  Rehfuss  tubes  during  fractional  analysis  with 
three  tubes. 

they  did  not  use  more  than  one  tube.  \'ery  little  dift'erence  was  found 
between  fractions  obtained  at  45  and  50  cm.,  respectively.  However, 
the  fact  that  these  two  fractions  are  usually  in  close  agreement  indicates 
that  in  that  region  the  stomach  contents  were,  perhaps,  of  a  more 
homogeneous  character.  In  plotting  the  curves  of  the  fractions  taken  at 
each  level,  a  certain  general  similarity  may  be  noted,  despite  the 
recr/Dssing  at  numerous  points.  This  might  seem  to  indicate  that  if 
the  level  of  the  tube  were  kept  constant,  single  determinations  might 
yield  a  characteristic  curve.     However,  the  errors  are  too  fundamental 


6.  Prym:    Deutsch.  Arch.   f.  klin.  Med.  90:310   (June)    1907. 

7.  Sick:    Deutsch.  Arch.  f.  klin.  Med.  88:169   (Oct.)    1906. 
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to  be  thus  lightly  disregarded.  For  despite  the  similarity  in  curves, 
each  curve  has  its  peculiar  margin  of  uncertainty,  and  thus  the  pos- 
sibility of  obtaining  the  characteristic  curve  would  be  seriously  dimin- 
ished. In  other  w^ords,  an  average  deviation  of  ±  12  for  every  sample, 
or  practically  25  c.c,  in  the  first  subject,  implies  a  wide  margin  of 
uncertainty. 
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Figs.   13,   14  and   15.— Fractional   analysis   of  stomach  contents   of  a   natural 
regurgitator. 

PART  III 
The  problem  of  determining  whether  or  not  a  small  aliquot  is  truly 
representative  of  the  total  gastric  contents  was  approached  from  still 
another  aspect.  Through  the  kindness  of  Dr.  William  C.  Garvin, 
superintendent  of  Kings  Park  State  Hospital,  there  was  transferred 
to  Ward's  Island  a  psychotic  patient  who  could  be  called  "a  natural 
regurgitator,"  i.   e.,   one  who  could  deliver  his  total  gastric   contents 
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at  will,  or  on  very  slight  stimulation  of  the  palate.  This  patient  gave 
a  history  of  frequent  vomiting  after  meals  for  which  no  adequate 
explanation  could  be  given  other  than  that  it  was  an  hysterical  symptom. 
Since  admission  to  Manhattan  State  Hospital,  the  vomiting  has  become 
relatively  infrequent  and  generally  occurs  only  after  the  patient  has  been 
visited.  Several  fractional  gastric  analyses  were  performed  on  him 
in  the  usual  way  (Figs.  13,  14  and  15).  Other  than  the  relatively 
low  acidity,  there  is  Httle  that  is  worthy  of  comment  in  Figures  13 
and  15;  while  in  Figure  14,  the  curve  is  typically  isosecretory. 

The  power  to  regurgitate  at  will  was  utilized  to  study  the  homo- 
geneity of  the  gastric  contents.  The  subject  was  given  the  standard 
Ewald  meal  on  several  different  days  and  instead  of  removing  the 
contents  by  the  fractional  method,  the  total  gastric  contents  were 
regurgitated  on  the  first  day  after  one-quarter  hour,  the  next  day  after 
one-half  hour,  and  so  on,  in  such  a  way  as  to  make  it  possible  to  plot  a 
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Fig.  16. — Homogeneity  of  gastric  contents.  Only  the  total  acidity  is  shown. 
The  solid  line  represents  the  total  contents.  The  broken  lines  represent  the 
fractional  contents. 

curve  over  the  two-hour  period,  similar  in  scope  to  the  usual  fifteen 
minute  fractions  taken  on  the  same  day.  A  comparison  of  this  curve 
with  those  obtained  by  the  usual  method  is  presented  in  Figure  16. 

This  curve  representing  the  acidity  of  the  total  gastric  contents 
has  a  higher  initial  acidity  and  a  lower  final  acidity  than  that  ordinarily 
found.  Furthermore,  instead  of  showing  a  gradual  rise  and  decline, 
it  is  decidedly  atypical  in  starting  high  and  declining  steadily.  These 
peculiarities  can  scarcely  be  ascribed  to  the  lapse  of  time  between 
analyses,  since  the  usual  fractional  method  conducted  at  about  the 
same  intervals  showed  no  marked  changes,  and  the  patient  remained 
in  about  the  same  physical  and  mental  condition  so  far  as  could  be 
ascertained.  While  this  method  of  conducting  a  gastric  analysis  is 
unusual,  it  gives  a  more  adequate  picture  of  the  subject's  gastric  cycle 
of  digestion  than  the  routine  method  in  vogue.  Gorham  ^  states  that 
"the  true  fractional  analysis  necessitates  the  giving  of  successive  test 
meals  and  extracting  them  at  different  periods." 
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A  feature  of  some  importance  was  added  to  the  procedure  described 
above,  namely,  an  aliquot  sample  of  10  c.c.  was  taken  by  means  of  the 
Rehfuss  tube  immediately  prior  to  the  regurgitation  of  the  total  gastric 
contents;  in  fact,  the  removal  of  the  Rehfuss  tube  in  these  instances 
stimulated  "natural  regurgitation."  The  comparison  of  each  aliquot 
with  the  corresponding  total  contents  is  given  in  Table  5. 

In  a  subject  having  a  rather  low  gastric  acidity,  as  has  already 
been  pointed  out,  large  differences  could  not  be  expected.  However, 
it  is  significant  that  there  are  noticeable  differences.  This  fact,  together 
with  the  others  mentioned  in  Parts  1  and  2,  serves  to  complete  the 
evidence  against  the  usual  technic  of  the  Rehfuss  method  in  which 
it  is  assumed  that  the  aliquot  withdrawn  is  representative  of  the  total 
gastric  contents,  showing  that  such  an  assumption  has  little  basis  in  fact. 

While  these  experiments  may  appear  to  be  entirely  destructive  in 
character,   nevertheless,   certain   constructive   points   have   been  estab- 

TABLE    5. — Comparison    of    Aliquot    with     CoRRESPONDI^'G    Total    Gastric 
Contents   Obtained  by  "Natural  Regurgitation" 


Total  Acidity 

inC 

.c.  ^7l0  XaOH 

Time 

Aliquot 
49 

Total  Contents 

41 

37 

■i-y* 

22 

17 

*  Some  bile  present. 

lished.  First  and  foremost,  in  using  the  Rehfuss  method,  it  is  essential 
to  repeat  the  analysis  until  a  satisfactory  agreement  in  curves  is 
obtained.  Second,  the  tube  should  be  kept  at  a  constant  level.  This 
can  easily  be  accomplished  by  fastening  the  tube  to  the  cheek  by  means 
of  a  strip  of  surgeon's  adhesive  tape.  Third,  the  aliquot  fractions 
should  be  as  large  as  possible.  Fourth,  the  subject  should  expectorate 
freely,  swallowing  as  little  saliva  as  possible.  Finally,  the  acidity  should 
be  measured  in  terms  of  hydrogen  ion  and  buffer  salts,  and  not  by  the 
inaccurate  titration  method  in  common  visage. 

SUMMARY 

1.  A  wide  variation  was  found  in  the  acidity  of  10  c.c.  fractions 
withdrawn  in  rapid  succession  by  means  of  the  Rehfuss  tube  three- 
quarters  of  an  hour  after  the  test  meal  was  ingested.  This  was 
more  noticeable  in  subjects  having  high  rather  than  low  gastric  acidity. 

2.  By  inserting  three  Rehfuss  tubes  in  one  individual  and  aspirating 
the  fractions  simultaneously  at  fifteen  minute  intervals,  it  was  found 
that  there  was  considerable  variation  of  acidity  in  different  parts 
of  the  stomach  at  the  same  moment.  Roentgenograms  established  the 
relative  position  of  the  tubes. 
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3.  From  these  data  it  is  shown  that  widely  divergent  curves  of 
acidity  may  be  plotted  which  depend  entirely  on  the  experimental 
error  of  the  method  and  not  on  the  subject's  gastric  condition. 

4.  The  inadequacy  of  the  titration  method  and  the  importance 
of  hydrogen  ions  and  bufifer  salts  in  measuring  gastric  acidity  is 
indicated. 

5.  By  comparing  the  periodic  "natural  regurgitation"  of  total  gastric 
contents  with  the  fractions  ordinarily  obtained  by  the  Rehfuss  method, 
discrepancies  are  noted. 

6.  Results  obtained  by  the  Rehfuss  method  may  be  more  validly 
interpreted  if:  (a)  the  analysis  is  repeated  until  a  satisfactory  agree- 
ment in  curves  is  obtained;  (b)  the  tube  is  kept  at  a  constant  level; 
(c)  aliquot  fractions  are  large;  (d)  little  saliva  is  swallowed;  (e) 
acidity  is  measured  in  terms  of  hydrogen  ion  and  buffer  salts. 

CONCLUSION 

Aliquot  fractions  obtained  by  the  Rehfuss  method  of  gastric  analysis 
cannot  be  assumed  to  represent  accurately  the  total  gastric  contents. 

I  am  indebted  to  the  individuals  who  made  these  experiments  possible  and 
to  the  members  of  the  staff  for  their  generous  assistance.  Particular  thanks 
are  due  Dr.  C.  O.  Cheney  for  his  man}'  valuable  suggestions  and  help  on  the 
wards,  and  to  Mr.  E.  J.  Kennedy  for  his  efficient  and  painstaking  work  in  the 
laboratory. 
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Cambridge    University.      148   pages.      Philadelphia,    Lea    &   Febiger.      1922. 

The  outstanding  features  of  this  book  are  common  sense  and  simplicity.  In 
spite  of  his  undoubted  possession  of  perfect  knowledge  of  modern  psycho- 
pathologic  lingo,  the  author  expresses  his  ideas  in  plain  English,  even  avoid- 
ing such  terms  as  neurasthenia  and  psychasthenia.  Nerve  exhaustion  is  dis- 
cussed under  five  principal  headings  :  causation,  symptomatology,  sleeplessness, 
diagnosis  and  prognosis,  treatment.  According  to  Craig,  there  is  nothing  hap- 
hazard about  fatigue  and  it  is  our  duty  to  discover  the  rules  governing  its 
occurrence.  His  discussion  of  the  hypersensitive,  precarious  child  and  its 
management  if  read  not  only  by  physicians,  but  by  teachers  and  educated 
parents  would  be  most  helpful  in  the  prevention  of  nervous  invalidism.  His 
ideas  on  gastro-intestinal  hygiene  may  sound  a  little  revolutionary  to  most 
Americans  with  whom  "regulation"  of  the  bowels  has  almost  become  a  national 
duty.  We  are  told  that  a  tendency  to  looseness  of  the  bowels  is  much  more 
harmful  to  the  nervous  system  than  constipation.  He  does  admit  that  "colitis" 
is  usually  associated  with  constipation,  but  adds  that  it  is.  common  in  highly- 
strung  persons  and  that  "it  is  wase  to  focus  the  treatment  as  little  as  possible 
upon  the  condition,  as  the  psychical  effect  of  doing  so  may  be  both  great 
and  lasting."  In  commenting  on  the  comparative  frequency  of  nervous 
exhaustion  following  surgical  operations  he  deplores  the  tendency  to  unneces- 
sarily violent  purging  just  before  operations.  The  author  evidently  has  care- 
fully studied  the  Freudian  Philosophy — and  finds  it  wanting.  He  does  not 
believe  that  sexual  conflicts  and  suppressions  are  of  necessity  the  cause  of 
psychoneuroses.  He  is  also  impressed  with  the  harm  frequently  done  to 
patients  by  psychoanalytic  treatment.  Altogether  we  can  heartily  recommend 
this  book  to  physicians  no  matter  what  line  of  work  they  may  follow,  as  it  will 
enable  them  to  understand  better  the  one  subject  common  to  general  prac- 
titioners and  specialists  alike — the  patient  himself. 
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THE     ABSORPTION     OF     DIGITALIS     IN     MAN* 
GARY    EGGLESTON,    M.D.,    and    JOHN    WYCKOFF,    M.D. 

NEW    YORK 

Different  samples  of  digitalis  vary  widely  in  their  therapeutic 
effectiveness  when  given  orally  to  man,  and  the  development  of  biologic 
methods  for  the  assay  of  digitalis  shows  that  different  specimens  of 
the  drug  also  vary  greatly  in  activity  on  the  animal  heart,  the  most 
active  being  at  least  three  times  as  potent  as  the  weakest  specimen. 
This  wide  divergence  in  activity  was  believed  to  account  for  the  observed 
variability  in  the  therapeutic  efficiency  of  the  drug,  and  it  was  hoped 
that  the  general  adoption  of  one  or  another  method  of  biologic  assay 
would  eliminate  the  uncertainty  of  therapeutic  effects.  While  this 
has  not  been  accomplished,  it  is  now  unusual  for  the  therapeutist  to 
find  a  very  weak  specimen  of  digitalis,  and  it  is  exceptional  for  the 
most  active  specimen  to  exceed  the  weakest  by  more  than  50  per  cent. 
The  average  high  grade  digitalis  of  the  present  time  is  generally  a 
fairly  trustworthy  therapeutic  agent,  but  there  still  remains  a  con- 
siderable range  in  activity  of  the  drug  in  man  and  several  striking 
instances  of  the  therapeutic  failure  of  presumably  excellent  samples 
have  come  to  notice. 

The  literature  on  the  absorption  of  digitalis  in  man  is  meager,  but 
it  has  been  shown  ^  that  the  galenical  preparations  of  digitalis  are 
absorbed  from  the  human  alimentary  canal  with  sufficient  uniformity 
to  permit  the  establishment  of  an  average  total  therapeutic  require- 
ment of  the  drug.  The  validity  of  this  average  requirement  has  been 
confirmed  by  several  investigators,-  and  for  samples  of  digitalis  from 
various  sources  and  of  widely  divergent  activity.  It  was  also  shown  ^ 
that  both  digitalis  and  digitoxin  are  usually  absorbed  promptly  from  the 
digestive  tract,  but  no  attempt  was  made  to  determine  the  exact  rate 
of  their  absorption,  although  the  evidence  indicated  that  it  was  essen- 
tially completed  within  about  six  hours  after  administration. 


*  Read  before  the  New  York  Academy  of  Medicine,  Jan.  19,  1922. 

*  From  the  Department  of  Pharmacology,  Cornell  University  Medical  Col- 
lege, The  Second  Medical  (Cornell)  Division  and  The  Third  (New  York  Uni- 
versity)   Division  of  Bellevue  Hospital. 
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Colin,  Fraser  and  Jamieson  ^  pointed  out  the  importance  of  a  flat- 
tening or  inversion  of  the  T  wave  of  the  electrocardiogram  as  an 
early  sign  of  the  action  of  digitalis  on  the  human  heart.  Cohn  *  and 
White  and  Sattler  ^  have  emphasized  the  constancy  and  very  early 
appearance  of  a  prolongation  of  the  conduction  time  following  the 
therapeutic  use  of  digitalis.  Pardee  ^  has  confirmed  the  importance 
of  the  lowering  of  the  T  wave  as  an  evidence  of  the  action  of  digitalis 
on  the  heart  and  has  employed  it  in  an  investigation  of  the  rate  of 
the  absorption  of  the  drug  by  man.  He  gave  doses  of  one  half  to  two 
minims  of  the  tincture  per  pound  of  the  patient's  body  weight  to  nine 
patients  and  found  that  the  action  on  the  heart  muscle  as  shown  by 
the  change  in  the  T  wave  began  in  from  two  to  four  hours  and  reached 
its  maximum  at  the  sixth  or  seventh  hour.  He  says  that  the  beginning 
change  in  the  T  wave  was  noticed  by  the  second  hour  in  three  patients, 
but  that  it  might  have  been  observed  in  others  had  more  records  been 
taken  at  that  hour. 

Robinson  -  studied  the  action  of  single  large  doses  of  the  tincture 
of  digitalis  in  a  series  of  carefully  controlled  cases  with  auricular 
fibrillation  and  observed  that  the  first  effects  in  sixteen  cases  made 
their  appearance  in  from  two  to  five  hours  after  the  administration 
of  the  drug  by  mouth.  He  employed  as  the  criterion  of  beginning 
action  the  appearance  of  definite  reduction  in  the  ventricular  rate, 
which  progressed  on  subsequent  observation.  Although  the  magnitude 
of  the  dose,  the  type  of  patient,  and  the  index  of  digitalis  absorption 
and  action  on  the  heart  mechanism  were  all  different  from  those  in 
Pardee's  series,  Robinson's  observations  confirm  those  of  Pardee  with 
reference  to  the  rapidity  and  comparative  uniformity  of  absorption 
of  digitalis  from  the  human  alimetary  canal. 

The  observations  reviewed  are  not  in  harmony  with  those  recorded 
by  Wedd.^  He  employed  two  assayed  preparations  of  the  tincture 
(cat  method)  and  gave  daily  doses  of  from  8  to  12  c.c,  usually  10  c.c. 
One  tincture,  having  a  cat  unit  of  111  mg.,  was  given  to  five  patients  as 
follows :  The  first  patient  took  72  c.c,  or  0.52  cat  unit  per  pound;*  with 
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Digitalis,  J.  A.  M.  A.  65:1527   (Oct.  30)   1915. 
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unit  per  pound  of  the  patient's  body  weight. 
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the  production  of  nothing  but  slowing  of  the  pulse  while  at  rest  in 
bed.  The  second  patient  took  115  c.c,  without  clinical  effect,  or  a 
total  of  0.80  cat  unit.  The  third  patient  took  0.67  cat  unit,  or  101  c.c, 
with  very  slight  slowing  and  no  toxic  effects.  The  fourth  patient  showed 
marked  reduction  in  the  pulse  rate,  but  no  toxic  symptoms  after  a 
total  of  137  c.c,  or  0.87  cat  unit,  and  the  fifth  patient  showed  similar 
effects  after  149  c.c,  or  0.95  cat  unit.  Although  this  sample  of  digitalis 
was  of  approximately  average  activity  on  the  cat,  it  is  evident  that  it 
was  therapeutically  unsatisfactory,  either  due  to  poor  absorption  or  to 
unusually  rapid  elimination. 

The  second  tincture  W'edd  used  was  30  per  cent,  more  active  on 
the  cat  than  the  first  and  gave  better  therapeutic  response,  although 
the  range  of  total  dose  required  varied  within  wide  limits.  Some 
patients  took  from  two  to  nearly  four  times  the  average  total  dose, 
as  determined  by  Wedd  in  twenty-two  patients,  without  marked 
intoxication.  Wedd  concludes  that  the  inefficiency  of  the  first  tincture 
was  due  to  delayed  absorption  from  the  alimentary  tract,  the  cause 
of  which  is  unknown.  He  says,  as  a  result  of  his  use  of  these 
two  tinctures  in  twenty-seven  patients,  'Tt  is  evident,  however,  that 
biologic  standardization  showing  approximation  to  theoretic  strength 
is  no  guarantee  of  the  clinical  efficiency  of  a  given  preparation  of  the 
drug.  Individual  power  of  absorption  for  a  given  tincture  appeared 
to  be  quite  uniform,  so  variation  in  toxic  dosage  is  due  to  variation  in 
individual  tolerance  for  the  drug."  He  says,  further,  "No  constant 
relation  between  the  amount  of  digitalis  that  could  be  given  and  the 
age  or  body  weight  of  the  patient  or  the  condition  of  the  myocardium 
could  be  discovered."    We  will  return  to  these  statements  subsequently. 

Wedd  also  found  that  the  first  definite  effect  of  digitalis  on  the 
heart  was  a  lowering  or  inversion  of  the  T  wave  of  the  electrocar- 
diogram. In  one  patient  this  effect  began  after  16  c.c,  of  the  first 
tincture  was  taken,  and  in  the  remaining  four  an  average  of  34  c.c. 
was  required  before  any  definite  change  could  be  detected.  The  second 
tincture  showed  beginning  changes  in  the  T  wave  after  10  c.c,  or 
less  in  most  cases,  indicating  that  the  first  tincture  was  absorbed 
much  less  rapidly  than  the  second.  Several  other  instances  of  speci- 
mens which  were  poorly  absorbed  and  therapeutically  unsatisfactory 
have  also  come  to  our  attention  and  have  been  referred  to  elsewhere.'-' 

Prior  to  the  appearance  of  Wedd's  paper  Hatcher  ^°  had  been 
studying  the  extraction  of  digitalis  with  a  view  to  obtaining  a  satis- 


9.  Eggleston.  Carv  :  The  Absorption  of  a  Digitalis  Body,  J.  A.  M.  A.  75: 
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Body,  J.  A.  M.  A.  75:460  (Aug.  14)  1920.  Standardization  of  Digitalis,  J.  Am. 
Pharm.  Assn.  8:913,  1919. 
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factory  preparation  for  intravenous  use  and  had  found  that  the  active 
principles  of  the  drug  were  readily  separable  into  two  fractions  by 
extraction  of  the  aqueous  extract  with  chloroform.  He  found  that 
the  fraction  which  was  soluble  in  chloroform  bore  close  resemblances 
to  digitoxin  both  chemically  and  pharmacologically  and  was  readily 
absorbed  from  the  alimentary  tract  of  the  cat.  The  water  soluble 
remainder,  or  the  chloroform  insoluble  fraction,  on  the  other  hand, 
resembled  digitalein  pharmacologically  and  was  both  poorly  and  irreg- 
ularly absorbed  from  the  alimentary  canal  of  the  cat.  Both  fractions, 
however,  when  tested  pharmacologically  produced  typical  digitalis 
actions.  Hatcher  found  that  the  relative  proportions  of  these  two 
fractions  varied  widely  in  different  samples  of  digitalis,  although 
technical  difficulties  have  so  far  prevented  the  elaboration  of  a  satis- 
factory method  for  the  accurate  quantitative  determination  of  the 
relative  proportion  of  the  fractions.  Nevertheless,  several  therapeuti- 
cally unsatisfactory  samples  of  digitalis  were  examined  and  found  to 
contain  decidedly  smaller  relative  proportions  of  the  chloroform  soluble 
fraction  than  were  present  in  the  average  specimens.  This  would 
account  for  the  poor  absorption  of  these  specimens  by  man,  provided 
that  in  man  the  two  fractions  show  differences  in  absorbability  similar 
to  those  shown  in  the  cat. 

The  findings  reviewed  show  (1)  that  most  high  grade  digitalis 
commercially  available  is  absorbed  from  the  alimentary  tract  of  man 
with  a  fair  degree  of  uniformity — at  least  sufficient  to  permit  the  estab- 
lishment of  a  satisfactory  average  therapeutic  requirement;  (2)  that  a 
considerable  proportion  of  a  single  large  dose  may  be  absorbed  within 
from  two  to  four  hours;  (3)  that  the  absorption  of  a  single  dose  is 
generally  completed  within  from  six  to  eight  hours;  (4)  that  specimens 
of  digitalis  are  sometimes  encountered  which,  while  biologically  of 
satisfactory  activity,  are  therapeutically  unsatisfactory  apparently  on 
account  of  slow  and  poor  absorption;  and  finally,  (5)  that  digitalis  is 
easily  separable  into  a  chloroform  soluble  fraction  which  is  readily 
absorbed  from  the  digestive  tract  of  the  cat  and  a  chloroform  insoluble 
portion  which  is  slowly  and  poorly  absorbed.  The  last  finding  suggests 
an  explanation  of  the  unsatisfactory  clinical  results  yielded  by  some 
samples  of  digitalis.  Therefore  it  seemed  advisable  to  undertake  an 
extensive  reinvestigation  of  the  whole  matter  of  digitalis  absorption 
in  man,  especially  in  view  of  the  observations  of  Hatcher  ^°  on  the  two 
fractions  obtainable  from  the  drug.  This  was  begun  in  1919  and  a 
preliminary  report  was  published  in  1920  ^  in  which  evidence  was 
obtained  as  to  the  relative  absorbability  in  man  of  the  chloroform 
soluble  and  the  chloroform  insoluble  fractions.  Certain  of  the  observa- 
tions presented  in  that  report  will  be  reviewed  in  connection  with  the 
discussion  of  the  results  of  the  investigations   about   to  be  detailed. 


i^ 


EGGLESTOX-WYCKOFF— ABSORPTION     OF    DIGITALIS        137 

At  present  we  desire  to  emphasize  the  fact  that  the  chloroform  sokible 
fraction  was  shown  to  be  absorbed  from  the  digestive  tract  of  man 
at  least  as  rapidly  as  are  the  best  tinctures,  and  its  absorption  was 
shown  to  be  more  nearly  uniform  than  that  of  dififerent  tinctures.  The 
chloroform  insoluble  fraction  was  shown  to  be  absorbed  very  poorly 
by  man.  The  similarity  in  the  behavior  of  the  cat  and  man  toward 
the  absorption  of  these  two  fractions  was  thus  established.  Finally, 
a  working  average  dose  of  the  chloroform  soluble  fraction  was  estab- 
Hshed  which  enabled  us  to  proceed  at  once  to  the  determination  of 
the  rate  of  its  absorption  after  the  oral  administration  of  large  single 
doses,  or  of  large  doses  given  in  two  or  three  fractions  at  short  intervals 
of  time. 

METHODS     AND     SCOPE     OF     INVESTIGATIONS 

Patients  suffering  from  various  degrees  of  cardiac  failure,  and  a 
few  without  clinical  evidences  of  failure,  were  selected  to  exclude  all 
who  had  been  receiving  digitalis  in  any  form  or  in  any  dose  within  two 
weeks  of  the  beginning  of  observation.  All  patients  were  placed  on  an 
arbitrary  fixed  regimen  which  included  confinement  to  bed  with  the  head 
elevated,  a  simple  semisolid  diet,  and  when  edema  or  anasarca  was 
present  the  daily  fluid  intake  was  limited  to  between  1,000  and  1,500 
c.c,  except  when  the  Karrel  diet  was  deemed  necessary.  The  patients 
were  weighed  before  the  administration  of  digitalis  and  at  intervals 
during  and  after  its  administration,  an  effort  being  made  in  every 
patient  with  edema  to  secure  his  weight  after  the  disappearance  of  all 
edematous  fluid.  In  patients  with  edema  the  initial  dose  was  calculated 
on  the  body  weight  after  deduction  of  the  estimated  weight  of  edema 
fluid.  Whenever  the  patient's  condition  permitted,  he  was  given  a 
period  of  rest  in  bed  on  the  fixed  regimen  for  from  three  to  five  days 
before  the  digitalis  was  administered.  Whatever  dietary  prescription 
was  adopted  in  any  patient  was  maintained  until  the  period  of  initial 
observation  of  the  effects  of  digitalis  was  completed.  Occasional  doses 
of  codein,  morphin  or  a  simple  laxative  were  required,  but  aside  from 
these  no  other  drug  therapy  was  permitted. 

All  patients  were  examined  by  one  or  both  of  us  at  frequent  intervals 
before  and  during  the  course  of  treatment  and  the  patient's  condition 
was  described  as  accurately  as  possible.  At  least  one  control  electro- 
cardiogram was  made  of  all  but  seven  patients  shortly  before  the 
administration  of  digitalis.  Within  from  one  half  to  three  hours  follow- 
ing the  initial  dose  of  digitalis,  electrocardiograms  were  taken  hourly, 
with  few  exceptions,  for  from  four  to  seven  hours. 

Digitalis:  In  order  to  make  comparisons  we  employed  four  dift"erent 
lots  of  the  chloroform  soluble  fraction,  which  we  have  termed  for  con- 
venience, "purified  tincture."    These  were  prepared  and  supplied  to  us 
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by  Dr.  Robert  A.  Hatcher  in  the  form  of  a  solution  of  the  chloroform 
soluble  substance  in  60  per  cent,  alcohol  of  such  strength  that  1  c.c.  of 
the  purified  tincture  represented  one  cat  unit  in  activity.  These  purified 
tinctures  were  derived  from  many  different  specimens  of  digitalis,  as 
follows:  P.T.  3-18-20  consisted  of  a  repurified  mixture  of  many 
specimens  of  the  purified  chloroformic  extract  prepared  in  different 
ways  from  a  variety  of  specimens  of  digitalis  leaf.  P.T.  7-23-20  was 
prepared  from  the  powdered  leaf  from  which  the  galenical  tincture 
H  was  made.  P.T.  8-19-20  was  also  prepared  from  the  same  leaf  as  the 
preceding,  but  efforts  made  to  repurify  this  specimen  yielded  one  which 
was  weaker  than  the  ordinary  purified — an  unusual  result.  P.T.  12-30-20 
was  a  mixture  of  twenty-five  different  specimens  which  were  purified 
with  a  view  to  the  removal  of  traces  of  chlorophyl,  volatile  oil  and  of 
saponin. 

For  comparison  with  these  we  used  two  samples  of  galenical  tincture 
of  digitalis,  S,  being  a  specimen  which  in  the  hands  of  others  had  proved 
therapeutically  unsatisfactory.  Tincture  H  was  made  from  a  leaf  which 
on  examination  had  yielded  a  relatively  very  low  proportion  of  the 
chloroform  soluble  fraction.  Both  specimens  were  biologically  of  good 
activity. 

Preparation  and  Standardization  of  Purified  Tincture:  The  active 
substance  of  the  purified  tincture  is  obtained  in  the  simplest  way  by 
infusing  the  powdered  digitalis  with  cold  water,  shaking  this  with  chloro- 
form, distilling  the  chloroform,  washing  the  residue  with  petroleum 
ether,  and  drying.^"  The  yield  by  this  method  is  smaller  and  a  larger  one 
can  be  obtained  by  infusing  the  powdered  digitalis  with  from  seventy-five 
to  100  parts  of  hot  water,  shaking  the  infusion  several  times  with 
chloroform,  washing  the  chloroform  with  distilled  water,  and  proceeding 
as  described. 

Since  the  preliminary  report  Hatcher  ^^  has  found  that  the  chloroform 
soluble  extract  contains  a  large  proportion  of  a  digitalis  body  which  is 
very  rapidly  eliminated  after  intravenous  injection  into  the  cat,  and 
which  does  not  correspond  to  any  digitalis  body  hitlierto  described.  Its 
action  is  so  fleeting  that  it  probably  does  not  participate  in  the  thera- 
peutic action  of  the  purified  tincture  of  digitalis,  though  it  does  par- 
ticipate in  the  action  following  intravenous  injection.  For  clinical  use 
by  oral  administration  the  purified  tincture  is  standardized  as  follows : 

About  75  per  cent,  of  that  dose  which  causes  death  in  the  cat  when 
injected  intravenously  at  once  is  administered  intravenously  to  each  of 
several  animals.  After  an  interval  of  three  hours  (during  which  prac- 
tically all  of  the  rapidly  climated  substance  is  excreted)  the  amount  of 
ouabain  required  to  cause  death  by  intravenous  injection  is  determined. 
The  dift'erence  between  the  amount  of  ouabain  required  in  such  an 
experiment  and  that  required  to  kill  a  normal  animal  of  the  same  weight 
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is  equivalent  to  that  portion  of  the  previously  injected  purified  tincture, 
the  action  of  which  persists.  The  following  calculation  illustrates  the 
method:  A  cat  weighing  2  kg.  received  1.5  c.c.  of  the  purified  tincture 
intravenously ;  after  three  hours  it  required  50  per  cent,  of  the  average 
fatal  dose  of  ouabain  to  cause  death,  hence  the  action  of  50  per  cent,  of 
the  average  fatal  dose  of  the  purified  tincture  persisted.  Since  1.5  c.c. 
represented  50  per  cent,  of  the  fatal  dose  by  this  method,  it  follows  that 
3  c.c.  or  1.5  c.c.  per  kg.  of  weight,  would  represent  100  per  cent,  of  the 
fatal  dose  in  terms  of  the  substance  having  a  persistent  action.  There- 
fore 1.5  c.c.  of  this  purified  tincture  would  represent  one  cat  unit  as 
determined  in  this  manner,  which  Hatcher  terms  for  convenience  the 
"slow  combined  ouabain  method"  of  assay. 

The  cat  unit  of  the  purified  tinctures  standardized  by  the  slow  com- 
bined ouabain  method,  therefore,  represents  the  activity  of  that  portion 
only  which  has  a  persisting  action,  the  rapidly  eliminated  portion  having 
been  excluded  from  consideration.  All  of  the  purified  tinctures  used  in 
the  present  study  were  standardized  in  this  manner. 

REPORT     OF     CASE 

The  following  abstract  of  a  typical  case  will  serve  to  illustrate  the 
method  of  study  in  detail: 

G.  F.  (Fig.  1),  male,  aged  56,  bartender,  was  admitted  to  the  hospital. 
April  2,  1921.     Discharged  April  14 — improved. 

Chief  Complaints  on  Admission:  Shortness  of  breath,  cough,  and  swelling 
of  legs. 

Family  History:     Father  died  of  heart  disease  at  76. 

Past  History:  Yellow  fever  twenty-one  years  ago;  acute  arthritis  in  right 
shoulder  and  both  elbows  seven  years  ago.     Denies  venereal  infection. 

Habits  :  Has  used  alcohol  to  excess,  especially  during  the  past  two  years. 
Drank  half  a   gallon   of   coffee   daily   until   two   months   ago.     Smokes   heavily. 

Present  Illness. — This  began  gradually  eight  months  ago  with  dyspnea  on 
exertion  only.  This  became  worse,  and  dyspneic  attacks  began  to  occur  with- 
out exercise,  usually  at  night.  For  the  past  six  weeks  he  has  suffered  from 
nocturnal  orthopnea.  With  the  increasing  severity  of  the  dyspnea  there  has 
developed  a  sensation  of  fluttering  about  the  heart.  His  legs  began  to  swell 
six  weeks  ago.  The  conditions  have  all  grown  gradually  worse  up  to  time  of 
admission. 

Physical  Examination. — Patient  is  a  large  man,  very  cyanotic,  dyspneic  and 
orthopneic.  Veins  of  neck  not  visibly  distended.  Lungs  show  signs  of  con- 
gestion at  both  bases.  Heart :  Apex  beat  not  visible,  point  of  maximum 
intensity  in  sixth  intercostal  space  12  cm.  to  left  of  midline.  Dulness  extends 
4  cm.  to  right  of  sternal  margin  in  second  intercostal  space.  No  murmurs  are 
present.  Heart  sounds  are  of  poor  quality,  and  the  rhythm  is  totally  irregular. 
Rate  at  apex  —  142.  Pulse  :  Radial  arteries  sclerosed,  pulse  totally  irregular, 
rate  120.  Abdomen:  Adipose  and  pendulous;  no  ascites  detected.  Liver  edge 
palpable  5  cm.  below  free  border  of  ribs,  tender  but  not  pulsating.  Marked 
edema  of  legs  and  scrotum. 

Laboratory  Examination. — Blood  Wassermann  test  negative.  Urine:  Trace 
of  albumin  and  a   few  casts. 
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Treatment. — Patient  was  confined  to  bed  and  provided  w'th  a  back  rest.  The 
diet  was  semisolid  with  the  fluid  intake  restricted  to  1,000  c.c.  per  twenty-four 
hours.  A  single  dose  of  purified  tincture  of  digitalis  12-30-20  amounting  to 
11.5  c.c.  was  given  at  12:45  p.  m.,  April  5. 

Clinical  Course. — April  4:  With  rest  in  bed  and  restricted  fluid  intake 
patient's  edema  has  diminished.  He  is  still  dyspneic  and  orthopneic  and  some 
edema  persists  in  legs. 

April  5  :  12  noon :  Patient's  condition  practically  as  on  April  4 ;  says  he 
feels  a  little  better.  Liver  edge  as  before.  Still  some  edema  of  legs  and  some 
dyspnea  and   orthopnea. 

April  5  :  5  :  30  p.  m. :  Patient  says  he  feels  much  better.  He  is  less  dyspneic 
and  is  able  to  lie  nearly  flat  without  discomfort.    There  is  no  nausea  or  vomiting.^ 

April  6:  There  is  no  pulse  deficit  today.  His  general  condition  is  much 
improved.     Is  able  to  lie  flat. 

April  7:  Liver  is  no  longer  definitely  palpable,  but  there  is  still  some  ten- 
derness in  right  hypochondrium.     Edema  has  entirely  disappeared. 

From  this  time  on  patient  continued  to  improve  until  discharged.  Figure  1 
shows  some  of  the  events  in  the  course  of  his  treatment. 

More  than  seventy  patients  were  studied  in  the  manner  jtist  described 
before  the  investigation  was  brought  to  a  close.  No  analysis  of  the 
results  was  undertaken  until  this  time  and  it  was  found  that,  for  one  or 
another  reason,  usually  some  omission  of  data,  a  number  of  the 
records  had  to  be  discarded.  The  records  of  fifty-two  courses  of 
administration  to  fifty-one  patients  remained,  in  which  the  data  were 
sufficiently  complete,  and  it  is  on  these  that  the  present  paper  is  based. 
Space  does  not  permit  the  presentation,  even  in  brief  abstract,  of  the 
records  and  we  have  resorted  instead  to  the  preparation  of  several  tables 
in  which  the  details  are  presented  in  a  form  more  readily  available  for 
study  and  analysis.  In  every  instance  we  analyzed  the  electrocardiograms 
without  knowing  the  preparation  of  digitalis  which  the  patient  received, 
the  dose  given  or  the  time  of  its  administration  in  order  to  avoid  any 
unconscious  bias,  especially  in  view  of  the  fact  that  our  preliminary 
work  had  indicated  a  more  rapid  rate  of  absorption  for  the  purified 
tinctures  than  for  the  galenical. 

Tables  1  and  2  show  the  nature  of  the  earliest  effect  which  was 
observed  following  the  administration  of  the  digitalis;  the  dose  which 
produced  this  eft'ect,  expressed  in  terms  of  a  fraction  of  a  cat  unit  per 
pound  of  the  patient's  body  weight ;  the  time  in  hours  at  which  the 
first  eft'ect  was  manifested,  measured  from  the  time  of  the  administration 
of  the  drug;  the  nature  of  the  phenomena  evident  at  the  time  of 
maximal  therapeutic  eft'ects,  and  the  dose  and  time  at  which  these 
developed  just  as  in  the  case  of  the  earliest  eft'ects.  When  more  than 
one  dose  of  digitalis  was  administered  during  the  period  of  observation 
covered  in  the  table  the  time  is  taken  from  the  administration  of  the 
first  dose.  In  all  of  the  patients  receiving  the  purified  tinctures  the 
first  effects  followed  a  single  dose,  and  while  this  was  also  true  in  many 
of  those  receiving  a  galenical  tincture,  in  some  two  or  more  doses  were 
administered  before  anv  eft'ects  were  demonstrable.     Table  1  includes 
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only  those  patients  showing  sinus  rhythm,  while  the  same  types  of 
observations  are  presented  in  Table  2  for  the  group  of  patients  having 
auricular  fibrillation. 

It  will  be  noted  that  we  have  not  limited  ourselves  to  any  single 
phenomenon,  or  to  any  small  group  of  phenomena,  for  the  determination 


Fig.  1.— Chart  showing  course  of  events  in  patient  42,  with  auricular  fib- 
rillation. At  12:45  p.  m.,  April  5,  1921,  a  single  dose  of  11.5  c.c.  of  purified 
tincture  of  digitalis  12-30-20  was  administered— indicated  by  the  black  square 
on  the  chart. 

of  the  onset  of  earliest  digitalis  efifects,  but  instead  have  recorded  the 
first  definite  digitalis  effect  which  made  its  appearance.  This  was  done 
because  it  was  our  object  to  determine  the  very  earliest  evidence  of 
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digitalis  action  as  an  index  of  the  rate  of  the  absorption  of  the  drug, 
and  since  the  eariiest  manifestation  is  not  always  the  same  we  felt  that 
the  adoption  of  a  limited  ntmiber  of  criteria  would  lead  to  erroneous 

TABLE  1. — Showing  the  Initial  and  the  Full  Therapeutic  Effects  Produced, 

WITH  THE  Doses  Producing  Them  and  the  Times  of  Their  Appearance, 

FOR  Patients  with  Sinus  Rhythm 


Cat       Time                                                                     Cat  Time 

Units        in  Units  in 

No.              Initial  Effects               per  Lb.  Hours            Full   Therapeutic  Effects  per  Lb.  Hours 
Purified  Tincture   Digitalis  No.  3-18-20 

1  Lowered   T2   ±O.0fi6           1       Vomiting  0.1.50  42 

2  Lowered   T2   and   T3 0.067       ±2        Slowing,  T2  diphasic,  premature  0.088  4 

contract. 

3  Slight  slowing  0.064           1        Increased   P-R  O.095  4 

4  Increased  P-B   0.056           1        Slowing,    diphasic    T2,   increased  0.056  3 

PR 

5  Lowered   T2    ,    0.059           1        Slowing,    diphasic   T2,    increased  0.059  5 

PR 

6  Slight    slowing    0.061           1        Clinical  improvement    0.104  48 

7  Slight    slowing    0.061  1        No  record  

8  No  preliminary  observation     Lowered  T2,  increased  P-R 0.073  5 

Purified  Tincture  Digitalis  No.  12-30-20 

9  Lowered   Tl    0.051  1        No  further  effects 

10  Lowered   T2   0.059  1        Lowered     T2,    clinical    improve-    0.059  5 

ment 

Purified  Tincture  Digitalis   No.   7-23-20 

11  Slowing,   lowered    T2 0.051  1        Marked  slowing,  T2  diphasic,  in-    0.092  5 

creased  P-R 

12  Slowing,   increased    P-R 0.040  2        Emesis    0.0""3  5 

13  Lowered   T2,   increased    P-R    0.045  1        Slight    nausea,    further   slowing,    O.09O  5 

inversion  T2 

14  Slowing,   lowered   T2 0.052  1        Marked  slowing,  removal  of  pre-    O.0S5  4 

mature  contract. 

Purifietl   Tincture  Digitalis  No.  8-19-20 

15  Lowered   T2    0.046  1        Diphasic      T2,      dropped     beats,    0.070  iVz 

slowing 

16  Lowered    T2,    slowing 0.050  1        Inverted    T2,    auricular    flbrilla-    0.082  5-1- 

tion.  ventricular  paroxysm, 
tachycardia,  coupled  rhythm, 
nausea,  vomiting 

Tincture  Digitalis  No.  S 

17  Coupled      rhythm,      prema-±0.118  7        .Slowing    0.253         50 

ture  contract. 

18  Increased   P-R,   lowered   T-2.    0.118  5        Single  dose   

19  Lowered  T2,  premature  con-    0.117  2%    Nausea   0.173         18 

tract. 

20  Lowered  T2    0.122  1       Vomiting,    marked    clinical     im-    0.390         84 

provement,  diuresis,  slowing 

21  Slowing,   lowered   T2 0.100  5        Slowing,  lowered  T2,   slight  clin-    0.170         26 

ical  improvement 

Tincture  Digitalis  No.   H 

22  Slight   slowing,  lowered   T2,    0.060  2        Nausea,    lowered    T2,     increased    0.144         49 

increased   P-B  P-B 

23  Increased   P-B,   lowered  T2.    0  057  3        Emesis,     slowing,     T2     diphasic    0.260         74 

increased  P-B 

24  Slowing,   lowered   T2 0.078  3        Slowing,     premature     contract.,    0.260         42 

clinical  improvement 

25  Lowered     T2,     slowing,     in-    O.IOO  3        Eurther   slowing,   increased   P-R,    0.100  7 

creased  P-R  lowered   T2 


results.  Where  two  or  more  phenomena  appeared  simultaneously  they 
are  recorded.  Slowing  was  usually  determined  from  the  electro- 
cardiograms rather  than  from  counts  of  the  pulse  or  heart  beat. 

The  cases  are  numbered  serially  through  Tables  1  and  2  and  the 
numbers  correspond  to  those  appearing  in  subsequent  tables. 
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In  Cases  2  and  8,  in  which  no  control  electrocardiograms  were  taken, 
the  lowering  of  the  T  wave  recorded  was  determined  by  comparison 
with  the  first  record  taken,  which  was  obtained  in  both  instances  one 
hour  after  the  initial  dose  of  digitalis. 

ANALYSIS     OF     CBSERVATIOXS 

Definite  initial  efifects  of  digitalis  were  recorded  in  thirty-three  cases 
receiving  the  purified  preparations,  fifteen  being  patients  with  the  sinus 
rhuhm.  and  eighteen  with  auricular  fibrillation.     These  are  shown  in 


Fig.  2.— Chart  showing  course  of  events  in  patient  11,  with  sinus  rhythm. 
L.  A.,  aged  30,  married.  Rheumatism  at  12  and  frequently  since.  First  symp- 
toms of  heart  failure  six  years  ago.  In  hospital  with  heart  failure  in  1914, 
and  1920.  Admitted  this  time  Nov.  27,  1920.  Apical  impulse  visible  and 
palpable  sixth  space  at  anterior  axillary  line.  Double  murmur  at  both  base 
and  apex.  Diagnosis  :  Rheumatic  heart  disease  with  aortic  insufficiency,  mitral 
stenosis  and  insufficiency.  Heart  failure  of  the  congestive  type.  Rest  in  bed 
on  back  rest.  Salt-free  diet,  fluids  limited  to  1,000  c.c.  Purified  tincture  digi- 
talis 7-23-20  was  given  Dec.  7.  1920,  as  follows:  5  c.c.  at  12:30  p.  m. ;  2  c.c. 
at  2 :  30  p.  m.,  and  2  c.c.  at  4 :  30  p.  m. 

Table  3.  In  three  of  the  four  remaining  cases  preliminary  control 
records  were  not  obtained.  The  fourth  patient,  while  presenting  definite 
auricular  fibrillation,  showed  no  evidences  of  heart  failure  other  than  a 
slight  pulse  deficit.    His  control  electrocardiogram,  taken  the  day  before 
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the  administration  of  digitalis,  showed  a  lower  ventricular  rate  than  any 
recorded  before  the  fourth  hour  after  the  administration.  It  was,  there- 
fore, impossible  to  assign  the  time  of  beginning  effects  with  accuracy. 

TABLE  2. — Showing  the  Initial  and  the  Full  Therapeutic  Effects  Produced, 

WITH  the  Doses  Producing  Them  and  the  Times  of  Their  Appearance, 

FOR  Patients  with  Auricular  Fibrillation 

Cat       Time 
Units        in 
No.  Initial  Effects  per  Lb.  Hours  Fvill   Ttierapeutic  Effects 

Purified  Tincture   Digitalis  No.  3-18-20 

26  No  E.  K.  G ..        Slowing,  removal  of  deficit,  elin-    0.144 

ical  improvement 

27  Removed   deficit,    slowing. .  .±0.073  2        Clinical   improvement,   slowing. 

28  Slight   slowing,   vomiting...    0.058  2%    Pronounced  slowing,  vomiting. 

29  Slowing,     clinical     improve-    0.060  1        Single    dose    


Cat 
Units 
per  Lb 

Time 

in 
Hours 

0.144 

±24 

0.112 
0.084 

24 
3% 

0.133 

35 

0.058 
0.062 

4 

+22 

ment,  lowered  T2 

30  No  E.  K.  G ..        Marked  clinical  improvement 

31  Slowing,     clinical     improve-    0.058  2        Single    dose    

ment,  reduced  deficit 

32  Indefinite    ..  Slowing,  pulse  deficit   removed.. 

33  Beginning  slowing  . , 0.062  1  Clinical    improvement,    slowing,    0.062 

pulse  deficit  removed,  diuresis 

Purified  Tincture  Digitalis  No.  12-30-20 

34  Slowing,        reduced        pulse    0.065  1        Single    dose    

deficit 

35  Slowing,        reduced        pulse    0.053  2        Marked  slowing   0.053      —22^4 

deficit 

36  Slowing    0.053  1        Marked      slowing,      clinical     im-    0.053      — 22i/^ 

provement 

37  Slowing   0.053  1        Slowing,    reduced    deficit 0.077      ±24 

38  Slowing    0.063  1        Marked  slowing,  pulse  deficit  re-    0.131      — 48 

moved,  clinical  improvement 

39  Slowing    0.060  %    Marked      slowing,      clinical     im-    O.06O     —21 

provement 

40  Slowing   0.056  1        Slowing,     clinical     improvement,    0.056       ±7 

pulse  deficit  removed 

41  Marked  slowing,  lowered  T2    0.057       —1^    Further     slowing,     pulse     deficit    0.057  4^ 

removed 

42  Marked  slowing   0.057  %    Further     slowing,     clinical     im-    0.057  3% 

provement,    lowered   Tl 

43  Slowing   ±0.056  1        Marked    slowing    ±0.056  3 

Purified  Tincture  Digitalis  No.  7-23-20 

44  Slowing    0.051  1        Marked     slowing,     pulse     deficit    0.090  5 

removed,  emesis 

45  Slowing,   reduced    deficit 0.073  2        Vomiting,   slowing    0.073  5 

Purified  Tincture  Digitalis  No.  8-1&-20 

46  Marked  slowing   0.048  1        Inverted     T2,      premature     con-    0.101  5 

tract. 

Tincture  Digitalis  No.  S 

47  Marked  slowing   0.117  3        Supply   of  tincture  gave    out 

48  No    control    record Clinical      improvement,      emesis,    0.149         20 

pulse  deficit  removed 

Tincture  Digitalis  No.  H 

49  Slowing   0.049  5        Slowing    0.158         68 

50  Slowing,      premature      con-    0.053  5        Slowing,  removal   of  deficit 0.090         23 

tract.,  lowered  T3 

51  Slight    slowing    0.064  5        Slowing,  block,  removal  of  def-    0.330         86 

ieit,    diuresis 

52  Slowing,    T-2   diphasic 0.063  4        Indeterminate     


I^ie  dose  producing  definite  initial  effects  varied  from  0.04  to  0.073 
cat  unit  per  pound  with  an  average  of  0.056  cat  unit  for  all  cases.  If 
the  cases  with  sinus  rh>'thm  be  considered  alone,  the  average  dose 
producing  definite  initial  eft'ects  is  0.054  cat  unit,  as  compared  with  an 
average  of  0.058  cat  unit  for  the  cases  with  auricular  fibrillation.     The 


Time  in 
Hours 

Full 
Effects 

Time  in 
Hours 

Number  of 
Cases 

1.26 
1.20 
1.23 

0.081 
0.084 
0.082 

15.T 
10.3 
13.4 

18 
15 
33 

nctures 
4.4 
3.75 
3.98 

0.212 
0.213 
0.213 

43 
44 
43.7 

5 
9 
14 
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maximum  variations  from  the  average  are  28  per  cent,  below  and  30 
per  cent,  above,  with  only  six  cases  varying  by  as  much  as  15  per  cent. 
Thirteen  patients  in  whom  definite  initial  effects  were  recorded  after 
the  administration  of  one  or  the  other  of  the  two  galenical  tinctures 
showed  an  average  dose  of  0.087  cat  unit  per  pound  for  the  production 
of  those  effects.  In  these  the  range  of  variation  extended  from  39  per 
cent,  below  to  40  per  cent,  above  the  average  dose. 

TABLE  3. — Showing  Aver.age  Doses  of  Purified  and  Official  Tinctures  in 
Fractions  of  Cat  Unit  Per  Pound  of  Body  Weight 

First 
Efl'ects 
Puril 

Auricular  fibrillation 0.0.58 

Sinus  rhvtlim 0.054 

All  cases". 0.056 

OflBci 

Auricular  fibrillation 0.069 

Sinus  rhythm 0.096 

All  cases 0.087 

These  variations  in  dose  from  the  average  indicate  a  somewhat 
greater  variability  in  the  absorption  of  the  galenical  tinctures  than  in 
that  of  the  purified  preparations,  but  they  are  misleading  in  that  they 
fail  to  bring  out  the  true  magnitude  in  the  variability  in  the  absorption 
of  different  tinctures.    This  is  more  clearly  shown  in  Table  4. 

It  has  previously  been  shown  that  the  size  of  the  dose  of  digitalis 
is  not  materially  influenced  by  the  presence  or  absence  of  auricular 
fibrillation,^  and  this  fact  is  here  confirmed.  In  Table  4,  therefore,  the 
average  doses  producing  initial  effects  are  inclusive  of  all  cases.  The 
average  has  been  determined  for  each  preparation  separately,  and  the 
variations  are  shown  for  each  in  terms  of  percentages  of  the  average 
dose  for  that  preparation.  To  this  we  have  appended  the  corresponding 
figures  reported  in  a  previous  paper  ^  and  based  on  the  administration 
of  seven  different  official  tinctures  to  twenty-one  patients. 

From  Table  4  it  is  seen  that  the  greatest  total  range  of  variation 
among  the  purified  tinctures  amounts  to  44  per  cent,  of  the  average 
dose— 23  per  cent,  below  and  21  per  cent,  above.  For  the  official 
tinctures  included  in  the  present  study  the  maximal  range  of  variation 
in  dose  is  77  per  cent.— 25.7  per  cent,  below  and  51.5  per  cent,  above — 
or  not  far  from  twice  as  great  a  variation  as  in  the  case  of  the  purified 
specimens.  If  we  compare  the  range  of  variation  of  the  purified  tinctures 
with  that  observed  among  seven  different  official  tinctures  previously 
studied  the  contrast  is  even  greater,  namely  a  total  range  of  44  per  cent, 
for  the  former  as  against  116  per  cent,  for  the  latter. 

The  relatively  greater  uniformity  of  the  absorption  of  the  purified 
preparations  than  of  the  official  tinctures  is  also  shown  by  a  comparison 
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of  the  average  doses  of  the  several  preparations  of  a  given  class.  As 
those  doses  are  expressed  in  terms  of  activity  of  the  drug  in  all  cases 
their  comparison  clearly  reflects  differences  in  absorbabilty  as  shown 
by  the  appearance  of  evidences  of  action  of  the  drug  on  the  heart.  The 
average  doses  of  the  purified  tinctures  shown  in  Table  4  differ  from 
one  another  by  only  0.014  cat  unit,  while  those  of  tincture  S  and  tincture 
H  dift'er  by  0.049  cat  unit  per  pound.  It  is  interesting  to  note  also  that 
while  tincture  S  was  less  readily  absorbed,  as  shown  by  the  larger  dose 
required,  its  absorption  was  apparently  decidedly  more  uniform  than 
was  that  of  tincture  H.  The  criteria  for  the  determination  of  the 
development  of  full  therapeutic  effects  from  the  administration  of 
digitalis  are,  of  necessity,  less  precise  than  are  those  marking  the  onset 
of  the  first  demonstrable  action.  For  this  reason  a  study  of  the  average 
doses  producing   full  therapeutic  effects  and  the  variations  from  the 


TABLE  4. — Showing  Aver.a.ge  Doses  Producing  Initial  Effects  with 
R.-^NGE  OF  Variation 


Preparation 
3-18-20 

12-30-20 

7-23-20 

8-19-20 

Tinctures 

Tincture  H 

Seven  tincturest 


Average  Initial 
Dose  Cat  Unit  x  Lb. 
0.062  (12)* 
0.057  (12) 
0.052  (6) 
0.048  (3) 
0.115  (6) 
O.0C6  (8) 
0.095  (21) 


Range  of  Variation  in 
Percentage  of  .Average 


Below 

&.6 

10.5 

23.0 

isio 

25.7 
59.0 


Above 
17.7 
14.0 
21.0 

'6"6 
51.5 
57.0 


*  Number  of  cases. 

t  Taken   from  "Digitalis  Dosage,"'  loc.   cit. 

averages  are  less  satisfactory  in  indicating  dift'erences  in  absorbability 
of  the  two  types  of  preparation.  Furthermore,  in  approaching  the 
induction  of  full  therapeutic  effects,  or  minor  toxic  action,  it  was  our 
custom  to  reduce  the  size  of  the  individual  dose  which  was  given  at 
six  hour  intervals  so  that  the  time  over  which  administration  was 
extended  varied  widely  and  sometimes  was  sufficient  to  permit  of  an 
appreciable  elimination  of  the  drug.  This  was  specially  true  in  the 
cases  of  the  official  tinctures,  which  were  absorbed  so  much  more  slowly 
that  it  sometimes  required  more  than  three  days  for  full  digitalization. 

Nevertheless,  reference  to  Table  3  shows  that  an  average  of  nearly 
two  and  one  half  times  as  much  of  the  galenic  tinctures  as  of  the 
purified  was  required  for  the  production  of  full  therapeutic  effects. 
Since  throughout  the  doses  are  expressed  in  terms  of  the  same  biologic 
unit  of  activity,  this  dift'erence  in  dose  must  be  due  to  dift'erences  in 
absorption,  the  purified  tinctures  being  absorbed  much  more  completely 
than  the  galenical.  This  is  also  shown  to  be  the  case  if  we  compare  the 
average  dose  here  established  for  the  purified  tincture — 0.082  cat  unit 
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per  pound— with  that  of  0.146  cat  unit  per  pound  previously  established 
for  seven  different  official  tinctures  of  widely  divergent  activity.  The 
average  total  full  therapeutic  dose  of  the  two  tinctures  employed  in  the 
present  series  of  observations  is  materially  higher  than  that  previously 
established  due  to  the  fact  that  the  two  tinctures  here  studied  were 
therapeutically  unsatisfactory  owing  to  poor  absorption.  Tincture  S  is 
the  preparation  used  by  Dr.  B.  S.  Oppenheimer  ^  in  three  patients 
who  took  amounts  equivalent  to  134  c.c,  193  c.c.  and  233  c.c,  respec- 
tively, in  twenty-three,  thirty-eight  and  forty-three  days  without  signifi- 
cant digitalis  action.  If  these  totals  were  divided  into  uniform  daily 
doses  they  would  have  amounted  to  from  5  to  5.8  c.c.  per  day,  or  about 
twice  the  average  daily  dose  of  a  well  absorbed  tincture  of  average 
activity  which  can  be  taken  continuously  without  the  development  of 
cumulation. 
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Fig.  3. — Chart  showing  control  electrocardiogram — 10  a.  m. ;  and  hourly 
records  Ijeginning  one  hour  after  single  dose  of  purified  tincture  of  digitalis 
amounting  to  0.045  cat  unit  per  pound.  Patient  13.  The  figures  give  the  average 
length  of  the  P-R  intervals  taken  from  several  consecutive  beats.  The  decrease 
in  the  height  of  the  T  wave  and   its   final  inversion  are  also   shown. 

Summary:  Purified  tincture  of  digitalis  is  shown  to  be  absorbed 
from  the  human  alimentary  canal  both  more  nearly  uniformly  and  more 
completely  than  are  different  official  tinctures,  as  measured  by  the 
ranges  of  variation  of  the  doses  causing  initial  effects  from  the  average 
doses  for  their  production,  and  by  the  difference  in  the  amounts  required 
for  the  production  of  full  therapeutic  effects. 

Rate  of  Absorption. — Tables  1  and  2  show  the  time  in  hours  from 
the  administration   of   the   first   dose   to   the  appearance   of   the   first 
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demonstrable  evidences  of  absorption  and  to  the  development  of  full 
therapeutic  effects.  From  these  data  the  average  times  shown  in  Table  3 
have  been  calculated.  It  is  seen  that  the  average  time  from  administra- 
tion to  onset  of  evidences  of  absorption  is  just  under  one  and  a  quarter 
hours  in  the  case  of  the  purified  tinctures,  while  it  is  just  under  four 
hours  with  the  galenic  tinctures,  or  three  times  as  fast  with  the  former 
as  with  the  latter.  The  difference  is  probably  even  greater  than  here 
shown,  for  we  had  not  anticipated  the  onset  of  evidences  of  absorption 
in  less  than  one  hour  so  that  in  the  majority  of  our  cases  the  first 
cardiogram  was  not  taken  until  one  hour  after  the  initial  dose,  and  in 
some  not  until  two  hours  or  more  after  the  dose. 

Of  the  thirty-three  patients  receiving  the  purified  tinctures,  twenty- 
five  showed  definite  evidences  of  absorption  of  the  drug  in  one  hour 
or  less,  and  among  the  remaining  eight  the  first  electrocardiogram  was 
taken  one  hour  after  the  initial  dose  in  only  four,  in  one  of  whom 
the  control  record,  however,  was  taken  three  days  before  and  showed 
a  slower  heart  rate  than  any  recorded  for  three  hours  after  the  digitalis 
was  given.  In  this  patient  hourly  records  of  the  pulse  deficit  were  taken 
and  this  had  fallen  markedly  in  two  hours.  In  three  of  the  remaining 
four  cases  there  was  no  electrocardiographic  control  record,  the  hourly 
pulse  deficit  record  again  being  used  as  the  guide  to  digitalis  action.  In 
the  eighth  patient  the  first  electrocardiogram  was  not  taken  until  two 
and  three  quarter  hours  after  the  administration  of  the  digitalis.  In 
one  of  the  patients  receiving  the  purified  tincture  absorption  was  evident 
in  half  an  hour  and  in  a  second  in  three  quarters  of  an  hour. 

The  average  time  required  for  the  absorption  of  the  official  tinctures 
is  three  times  as  long  as  for  the  purified  tincture,  and  the  individual 
patients  show  a  much  wider  range  of  variation.  Thus  only  one  out  of 
the  total  of  fourteen  patients  showed  definite  evidences  of  absorption 
in  as  little  as  one  hour,  and  one  other  in  two  hours,  while  five  required 
five  hours  and  one  required  seven  hours  to  absorb  sufficient  tincture  to 
produce  definite  evidences  of  the  action  of  the  drug. 

When  we  consider  the  average  times  required  to  produce  full 
therapeutic  effects,  a  similar  relationship  is  manifested  between  the  rates 
of  absorption  of  the  two  types  of  preparation,  the  purified  tinctures 
producing  full  therapeutic  effects  in  less  than  one-third  of  the  time 
required  for  the  galenic  tinctures.  Among  the  total  of  thirty-three 
patients  showing  full  therapeutic  effects  from  the  purified  tinctures  only 
seven  required  twenty-four  hours  or  longer  for  the  development  of 
these  effects.  Of  these  seven,  one  (No.  6)  received  no  further  digitalis 
until  thirty-six  hours  after  his  initial  dose,  and  in  the  case  of  another 
(No.  38)  the  interval  between  the  initial  dose  and  continuation  of 
administration  was  thirty  hours.  In  the  remaining  five  no  such  intervals 
elapsed,  and  the  explanation  for  the  delayed  absorption  must  be  sought 
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Fig.  4. — Chart  showing  control  electrocardiogram — 10  a.  m. ;  and  hourly 
records  beginning  one  hour  after  single  dose  of  purified  tincture  of  digitalis 
amounting  to  0.056  cat  unit  per  pound.  Patient  40.  The  figures  to  the  right 
indicate  the  ventricular  rates  obtained  from  counts  of  all  three  leads.  Lead  II 
only  is  reproduced  here. 
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in  the  patients  themselves  in  three  of  the  cases  (Nos.  1,  27  and  30). 
It  seems  probable  that  these  were  patients  who,  for  some  reason  as  yet 
unknown,  were  unable  to  absorb  the  drug  with  the  usual  rapidity.  In 
the  cases  of  the  other  two  (Nos.  26  and  2)7)  the  full  efifects  were  first 
observed  after  the  lapse  of  the  night,  and  the  precise  time  of  their 
appearance  was  not  determined.  The  times  in  these  two  are  marked 
with  a  plus-minus  (±)  sign  to  indicate  the  uncertainty  of  the  interval. 

Further,  among  the  purified  tincture  group  nineteen  showed  fully 
developed  therapeutic  actions  of  the  drug  in  five  hours  or  less,  two  show- 
ing them  within  three  hours  following  the  administration  of  a  single 
dose.  These  two  patients,  however,  were  unusually  susceptible  to  the 
action  of  the  drug,  responding  to  as  little  as  68  per  cent,  of  the  average 
total  dose  required. 

Contrasting  with  these  figures  are  those  for  the  individual  cases  of 
the  galenic  tincture  group,  among  which  only  one  patient  developed  full 
therapeutic  eflfects  in  less  than  eighteen  hours,  that  one  responding  in 
seven  hours.  The  average  time  for  the  development  of  full  therapeutic 
effects  in  this  group  is  materially  longer  than  that  previously  recorded  ^ 
for  twelve  cases  receiving  different  samples  of  galenical  tincture 
in  large  doses,  namely,  twenty-eight  hours.  This  is  due  to  the  fact  that 
the  two  tinctures  employed  in  the  present  investigation  were  less  readily 
absorbable  than  were  those  used  in  the  previous  study,  as  has  been 
mentioned  earlier  in  the  discussion  of  the  dosage. 

Summary :  Purified  tinctures  of  digitalis  are  shown  to  be  absorbed 
from  the  human  digestive  tract  in  sufficient  amount  to  produce  definite 
cardiac  actions  in  an  average  of  less  than  one  hour  and  a  quarter,  and 
in  amounts  sufficient  to  produce  full  therapeutic  effects  in  an  average 
of  a  little  more  than  thirteen  hours.  Their  absorption  is  more  than 
from  two  to  three  times  as  rapid  as  is  that  of  different  galenic  tinctures, 
whether  judged  by  the  development  of  initial  or  of  full  therapeutic 
effects. 

Nausea  and  Vomiting. — Digitalis  has  been  shown  ^'^  to  produce 
nausea  and  vomiting  in  animals  after  the  extirpation  of  the  gastro- 
intestinal tract,  and  the  action  was  assumed  to  be  direct  on  the  vomiting 
center  since  no  other  method  was  known.  It  was  also  shown  ^'  that 
the  same  mechanism  was  responsible  for  the  nausea  and  vomiting 
observed  in  man  after  the  administration  of  digitalis.  Hatcher  and 
Weiss  ^^  have  pursued  the  problem  further  and  have  very  recently  shown 
that  the  vomiting  produced  by  digitalis  and  its  allies  in  animals  is  the 


11.  Hatcher,  R.  A.,  and   Eggleston,  Cary:    The   Emetic  Action  of  the  Digi- 
talis Bodies,  J.  Pharmacol.  &  Exper.  Therap.  4:113,   1912. 

12.  Eggleston,  Cary :    Clinical  Observations  on  the  Emetic  Action  of  Digi- 
talis, J.  A.  M.  A.  61:757   (Sept.  6)    1913. 

13.  Hatcher,   R.  A.,   and  Weiss,   Soma  :     Seat   of  the   Emetic   Action   of   the 
Digitalis  Bodies,  To  be  published. 
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result  of  protective  reflexes  arising  in  the  heart  when  it  is  poisoned  by 
the  drug.  These  cardiac  reflexes  apparently  pass  to  the  medullary 
vomiting  center  through  afferent  sympathetic  fibers  mainly,  and  to  a 
lesser  extent  through  afferent  fibers  contained  in  the  vagi. 

Following  the  work  of  Hatcher  and  Weiss  we  have  reexamined  the 
results  of  the  study  of  digitalis  emesis  in  man  and  we  are  now  able  to 
present  evidence  that  digitalis  causes  vomiting  in  man  by  this  same 
cardiac  reflex  mechanism.  The  clinical  evidence  shows  :  ( 1 )  that  digitalis 
does  not  cause  emesis  in  man  by  local  irritant  action  in  tfie  digestive 
tract;  (2)  that  its  emetic  action  in  man  results  only  after  the  absorption 
of  a  sufficient  quantity  of  the  drug;  (3)  that  definite  evidences  of  action 
of  digitalis  on  the  human  heart  are  almost  invariably  to  be  found  before 
the  appearance  of  either  nausea  or  emesis.  Thus  it  was  stated,^-  "of 
106  courses  of  digitalis  treatment  in  cardiac  disease  resulting  in  the 
appearance  of  nausea  or  vomiting,  100,  or  94.3  per  cent.,  showed  indis- 
putable evidence  [by  action  on  the  heart]  of  absorption  of  the  drug 
prior  to  the  onset  of  these  symptoms.  In  fifty-five  observations  on  cases 
with  auricular  fibrillation,  nausea  or  vomiting  was  associated  with 
[cardiac  evidences  of]  the  absorption  of  the  drug  in  every  instance." 

Nausea  or  vomiting  developed  in  twenty  patients  in  the  present 
series  at  some  time  during  the  administration  of  digitalis,  and  these 
have  been  brought  together  in  Table  5.  In  this  table  are  shown  the 
cardiac  phenomena  induced  by  the  digitalis  before  the  appearance  of 
either  nausea  or  emesis,  together  with  the  doses  causing  the  earliest 
demonstrable  evidences  of  absorption,  those  causing  nausea  or  emesis, 
and  the  times  elapsing  between  the  first  dose  and  the  development  of 
earliest  effects  and  of  nausea  or  emesis.  Reference  to  this  table  shows 
that  in  eighteen  of  the  twenty  patients  nausea  or  emesis  developed  only 
after  amounts  of  the  drug  had  been  given  which  were  considerably 
greater  than  those  required  for  the  production  of  beginning  action  on 
the  heart.  In  the  entire  series  of  patients  the  emetic  dose  ranged  from 
one  the  same  size  as  that  producing  the  initial  effects  in  the  average 
case  to  a  dose  four  and  one  third  times  as  large  as  the  average,  in  the 
case  of  the  purified  tinctures.  The  average  emetic  dose  of  the  purified 
tinctures  was  0.113  cat  unit  per  pound,  or  almost  twice  that  required 
to  produce  initial  evidences  of  action  on  the  heart.  Similar  relation- 
ships are  found  among  the  cases  receiving  the  galenic  tinctures.  Nausea 
or  emesis  developed  after  the  administration  of  a  single  dose  of  the 
purified  tincture  in  two  patients.  One  of  these  showed  definite  evidences 
of  the  development  of  the  action  of  the  drug  on  the  heart  three  hours 
before  the  appearance  of  emesis.  The  other  patient  vomited  after 
taking  digitalis  at  a  time  before  any  electrocardiograms  had  been  taken 
these  records  having  been  unduly  delayed.  In  every  case  but  this 
definite  evidences  of  cardiac  action  preceded  the  appearance  of  the 
vomiting. 
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The  evidence  supplied  by  these  cases  shows  that  in  every  instance  in 
which  observations  were  made  early  enough  digitalis  induces  emesis  in 
man  only  after  the  development  of  a  more  or  less  pronounced  action 
on  the  heart.  This  is  in  perfect  agreement  with  the  observations  of 
Hatcher  and  Weiss,  which  show  that  the  nausea  and  emesis  produced 
by  digitalis  arise  reflexly  from  the  drug's  action  on  the  heart.  In  view 
of  these  facts  and  the  extremely  close  parallelism  between  all  of  the 
other  actions  of  digitalis  in  the  lower  animals  and  in  man  the  con- 
clusion is  justified  that  in  the  human  being  also  nausea  and  vomiting  are 
produced  by  digitalis  as  the  direct  result  of  an  intoxication  of  the  heart 
sufficient  to  provoke  the  protective  mechanism  of  reflex  stimulation  of 
the  vomiting  center,  the  stimulus  arising  within  the  heart.  The  develop- 
ment of  nausea  or  vomiting  in  the  course  of  the  therapeutic  administra- 
tion of  digitalis  must  henceforth  be  regarded  as  among  the  surest  and 
most  valuable  evidences  of  intoxication  of  the  heart,  and  demands  the 
immediate  cessation  of  further  administration,  at  least  temporarily. 

Dosage  of  Purified  Tincture. — The  figures  presented  in  Table  3 
indicate  that  the  average  initial  dose  of  the  purified  tincture  required  to 
produce  the  earliest  demonstrable  efifects  on  the  heart  is  0.056  of  a  cat 
unit  per  pound  of  the  patient's  body  weight.  While  this  figure  represents 
approximately  the  average  dose  which  will  produce  these  effects  with 
certainty,  it  is  not  the  average  minimum  effective  dose,  since  in  many 
patients  the  initial  dose  given  was  materially  larger  than  the  smallest 
which  produced  similar  effects  in  other  patients.  Thus  definite  cardiac 
actions  followed  doses  smaller  than  the  average  in  thirteen  of  the 
patients,  the  dose  in  four  being  15  per  cent,  or  more  below  the  average. 
The  average  dose  of  the  purified  tincture  used  to  produce  initial  effects 
is  30  per  cent,  larger  than  that  established  for  commercial  crystalline 
digitoxin,  and  two  thirds  that  established  for  a  vaiiety  of  official 
tinctures. 

Full  therapeutic  eft'ects  followed  an  average  total  dose  of  the  purified 
tinctures  amounting  to  0.082  of  a  cat  unit  per  pound,  or  an  amount 
44  per  cent,  greater  than  that  used  to  produce  the  initial  actions.  In 
ten  of  the  patients  full  therapeutic  effects  resulted  from  doses  approxi- 
mately the  same  as  the  average  employed  for  the  induction  of  initial 
effects.  Seven  of  these  ten  patients  showed  fibrillation  of  the  auricles 
and  when  the  pulse  deficit  had  been  removed  and  the  ventricular  rate 
had  been  slowed  to  about  70  beats  per  minute  we  deemed  that  full 
therapeutic  digitalization  had  been  accomplished  and  temporarily  dis- 
continued the  administration  of  the  drug.  The  remaining  three  patients 
had  sinus  rhythm  and  two  of  them  showed  a  change  from  an  upright 
T  wave  to  a  diphasic  one,  with  marked  prolongation  of  the  conduction 
time  and  pronounced  slowing  of  the  whole  heart.  Simultaneously  there 
was  marked  improvement  in  the  clinical  signs  of  heart  failure.  The 
drug  was  pushed  further  in  one  of  these  (No.  5)  with  the  development 
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of  premature  contractions.  The  tenth  patient,  the  third  of  those  with 
sinus  rhythm,  showed  such  marked  clinical  improvement  that  the  drug 
was  stopped.  We  will  show  subsequently,  however,  that  much  larger 
total  doses  than  these,  or  than  the  average  full  therapeutic  dose,  can 
be  taken  by  most  patients  without  danger. 

TABLE  5. — Showing  Cardiac  Action  of  Digitalis  Appearing  Before  Emesis, 
Doses  Causing  First  Effects  and  Doses  Causing  Emesis 


First  Effects 

Dose  in 

Time  in 

Number 

Cat  Units 

Hours 

1 

0.066 

2 

0.067 

o 

0.059 

6 

0.061 

11 

0.051 

12 

0.040 

13 

0.045 

16 

0.050 

28 

0.0.58 

2.75 

32 

0.062 

38 

0.063 

44 

0.051 

45 

0.073 

0 

46 

0.048 

1 

19 

0.117 

2.33 

20 

0.121 

1 

22 

0.060 

2 

23 

0.057 

3 

24 

0.078 

3 

48 

Cardiac  Phenomena  Before 
Nausea  or  Vomiting 
Purified  Tinctures 

Lowered  T:  increased  P-R 

Lowered  T;  increased  P-R;  V.  P.  C*. . 

Lowered  T;  increased  P-R 

Lowered  T 

Inverted  T;  increased  P-R 

Increased  T;  increased  P-R 

Lowered  T;  increased  P-R 

Lowered  T 

Increased  premature  contract 

Heart  block;  V.  P.  C 

Heart-block 

Heart-block 

Heart -block;  increased  V.  P.  C 

Lowered  T;  heart-block;  V.  P.  C 

Official  Tinctures 

Lowered  T;  V.  P.  C 

Lowered  T 

Lowered  T;  increased  P-R 

Lowered  T;  increased  P-R 

Lowered  T:  V.  P.  C 

Heart-block 


Nausea  or 

Emesis 

Dose  in 

Time  in 

Cat  Units 

Hours 

0.150 

42 

O.0S8 

4.66 

0.113 

42 

0.190 

72 

0.092 

6 

0.073 

5 

0.090 

5t 

0.0S2 

4t 

0.058 

1.75§ 

0.131 

9011 

0.2.50 

84TI 

0.090 

511 

0.073 

51I# 

0.101 

12 

0.173 

18 

0.390 

84 

0.144 

49 

0.260 

74 

0.260 

42 

0.149 

201f 

*  V.  p.  C.  indicates  ventricular  premature  contractions, 
t  T  in  Lead  II  inverted  just  before  nausea  developed. 

;  Shortly  after  emesis  records  showed  auricular  fibrillation,  runs  of  ventricular  paroxysmal 
tachycardia,  etc.     Good  recovery. 

§  First  electrocardiogram  taken  2.75  hours  after  dose.      Single  dose  only  in  this  patient. 

^  The  heart  block  here  is  that  commonly  observed  after  digitalis  in  auricular  fibrillation, 
all  cases  so  marked  were  flbrillating. 

#  Only  a  single  dose  given  to  this  patient. 

The  average  therapeutic  dose  of  the  purified  tinctures  is  only  20  per 
cent,  greater  than  that  of  crystalline  digitoxin  and  is  but  55  per  cent, 
of  the  corresponding  dose  of  the  average  well  absorbed  tincture  of 
digitalis.  It  is  evident  that  this  simple  purification  of  digitalis  yields 
a  substance  which  approaches  the  very  costly  crystalline  digitoxin  in 
biologic  activity. 

Two  discrepancies  between  the  averages  given  in  the  present  report 
and  those  stated  in  previous  papers  demand  explanation.  The  average 
full  therapeutic  dose  of  the  purified  tincture  of  digitalis  was  given  as 
0.159  cat  unit  per  pound  of  body  weight  in  the  preliminary  paper  on 
the  subject,  or  almost  twice  that  shown  in  the  present  series  of  cases. 
The  discrepancy  is  due  to  two  factors. 

1.  The  former  dose  is  too  large  because  we  were  then  experimenting 
with  a  substance  new  to  us  and  for  the  sake  of  caution  administered  it 
much  more  slowly  and  in  much  smaller  individual  doses,  thus  taking  two 
or  three  times  as  long  for  complete  digitalization  as  the  average  required 
in  the  series  here  discussed. 


154  ARCHIVES    OF    IXTERXAL    MEDICINE 

2.  The  present  total  dose  is  probably  somewhat  too  low  for  a  true 
average,  because  we  used  relatively  very  large  initial  doses  in  most 
patients,  and  because  we  often  discontinued  further  administration  when 
a  moderate  degree  of  clinical  improvement  had  been  induced,  rather 
than  continue  to  the  point  of  producing  evidences  of  minor  intoxication. 
We  believe  that  0.1  cat  unit  per  pound  more  nearly  represents  the 
average  full  therapeutic  dose  as  the  drug  would  be  given  in  a  large 
series  of  cases  where  many  patients  would  not  require  very  rapid 
digitalization,  and  for  our  continued  use  of  the  drug  in  a  routine  hos- 
pital service  we  are  employing  this  figure  with  satisfactory  results  as 
a  basis  of  our  calculations.  This  would  give  a  maximal  initial  dose  of 
0.05  cat  unit  per  pound,  which,  as  Tables  1  and  2  show,  did  not  in  a 
single  instance  produce  even  minor  intoxication. 

The  second  discrepancy  is  that  between  the  average  full  therapeutic 
doses  of  the  two  galenic  tinctures  used  in  the  present  series  of  cases  and 
that  formerly  established.  The  present  dose  of  0.213  cat  unit  is  1.44 
times  as  large  as  the  average  previously  stated.  This  is  due  to  the  fact 
that  the  two  tinctures  used  here  were  poorly  absorbed,  and  it  was 
anticipated  in  selecting  them  for  use  that  considerably  larger  amounts 
would  be  required  than  in  the  case  of  the  average  well  absorbed  tincture 
of  good  activity.  As  it  is  the  difference  is  less  than  we  had  expected 
to  find. 

The  Body  Weight  as  a  Basis  for  Calculation  of  Dose. — We  have 
already  referred  to  several  papers  in  which  the  validity  of  the  body 
weight  method  of  estimating  the  dose  of  digitalis  has  been  confirmed  and 
established,  but  Wedd  "  says  that  no  constant  relation  could  be  estab- 
lished between  the  body  weight  and  the  amount  of  digitalis  which  could 
be  given  in  his  cases.  He  does  not  give  the  details  in  his  series  of  cases, 
so  that  it  is  not  possible  to  subject  his  observations  to  a  critical  analysis. 
He  states,  however,  that  the  average  total  dose  required  for  the  pro- 
duction of  toxic  symptoms  was  52  c.c.  in  the  case  of  his  second  tincture 
which  had  an  activity  of  85  milligrams  per  cat  unit,  the  toxic  dose 
having  varied  from  20  to  100  c.c.  It  is  quite  evident  from  his  figures 
that  this  sample  of  digitalis,  as  well  as  his  first  one,  was  one  in  which 
the  absorption  was  very  irregular  and  usually  very  poor,  since  the 
average  tincture  of  equal  activity  which  is  well  absorbed  will  usually 
produce  toxic  symptoms  after  a  total  dose  of  about  25  c.c,  and  often 
after  somewhat  less.  Further,  Wedd  gave  daily  doses  which  required 
from  two  to  eight  or  more  days  for  the  development  of  full  digitaliza- 
tion. W'ith  the  larger  total  doses,  therefore,  the  more  or  less  variable 
factor  of  the  elimination  of  the  drug  must  have  assumed  an  important 
role,  especially  since  there  is  a  considei-able  range  in  the  rate  of  elimina- 
tion of  digitalis  in  different  patients. 
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It  has  never  been  contended  that  the  average  doses  established  on  the 
basis  of  body  weight  were  precise.  In  fact,  in  the  original  paper  deal- 
ing with  the  subject  it  was  specially  emphasized  that  there  was  a  con- 
siderable range  of  variation  in  individual  cases  from  the  average.  The 
average  dose  was  ofifered  as  a  basis  for  the  approximate  estimation  of 
the  total  amount  of  digitalis  which  would  be  required  for  the  production 
of  therapeutic  digitalization.  As  such  it  has  proved  to  be  essentially 
correct  in  spite  of  the  individual  cases  not  infrequently  encountered  in 
which  the  actual  amount  required  dififers  more  or  less  widely  from  the 
average.  The  method  has  been  used  by  one  of  us  as  a  routine  in  esti- 
mating the  dose  for  over  five  years,  with  satisfactory  results  in  several 
hundred  cases,  the  great  majority  of  which  have  responded  satisfactorily 
to  a  dose  closely  approximating  the  average.  It  is  confidently  believed, 
therefore,  that  W'edd's  failure  to  observe  any  constant  relationship 
between  the  size  of  the  dose  and  the  body  weight  of  his  patients  is  due 
to  the  two  factors  mentioned. 

Variation  in  the  Patient's  Absorptive  Capacity. — A  second  factor  in 
the  question  of  absorption  which  merits  brief  discussion,  but  which 
cannot  yet  be  entered  upon  in  detail  for  want  of  sufficient  data,  is  the 
question  of  the  variations  in  the  capacity  of  different  patients  to  absorb 
digitalis.  It  is  well  known  that  different  normal  animals  of  the  same 
species  vary  considerably  in  their  capacity  to  absorb  a  given  drug  from 
the  digestive  tract.  It  is  certain  that  a  similar  variation  in  this  capacity 
exists  in  normal  man,  and  it  is  probable  that  in  the  presence  of  a  dis- 
turbed circulation  this  variation  is  enhanced.  Data  obtained  in  the 
present  series  of  cases  confirm  this  contention. 

If  we  refer  to  Tables  1  and  2  and  consider  the  full  therapeutic 
doses  taken  by  the  thirteen  patients  who  received  purified  tincture 
3-18-20  we  see  that  the  largest  dose  required  to  produce  full  therapeutic 
efifects  within  twenty-four  hours  was  two  and  one  half  times  as  great 
as  the  smallest  which  sufiiced  to  produce  analogous  effects,  and  one  and 
one  half  times  the  average  dose  required  with  this  specimen.  Administra- 
tion having  been  completed  within  twenty-four  hours  in  all  but  three 
of  these  patients,  and  within  forty-eight  hours  in  the  remainder,  elimina- 
tion did  not  play  an  important  part  in  determining  the  total  amount 
required.  Only  two  explanations  remain  to  account  for  this  variation 
in  dose :  Either  variation  in  the  susceptibility  of  the  heart  to  the  action 
of  digitalis,  or  variation  on  the  part  of  the  patients  in  their  capacity  to 
absorb  the  drug. 

Our  experience  leads  us  to  believe  that  both  these  factors  are  con- 
cerned to  varying  degrees.  Thus  in  patients  with  heart  failure  due  to 
auricular  fibrillation  and  showing  a  high  grade  of  pulse  deficit  we  are 
convinced  that  complete  recovery  from  the  attack  of  failure  not  infre- 
quently   follows    the    beginning    restoration    of    the    circulation    by    a 
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relatively  small  dose  of  digitalis.  The  small  amount  of  digitalis  is  just 
enough  to  slow  the  ventricular  rate  to  a  moderate  degree  and  the  ensuing 
improvement  in  the  circulation  breaks  a  vicious  circle  primarily  through 
a  progressive  improvement  in  the  nutrition  of  the  heart  initiated  by 
greater  diastolic  rest  and  improved  coronary  circulation.  In  other  cases 
of  the  same  type  this  does  not  occur  and  it  is  necessary  to  push 
vigorously  the  administration  of  digitalis.  Among  this  latter  group 
cases  are  observed  in  which  relatively  very  large  doses  are  required  and 
in  such  we  believe  the  individual  capacity  for  absorption  may  often  be 
relatively  poor. 

The  best  illustrations  of  probable  defective  capacity  to  absorb 
digitalis  are  seen,  however,  among  patients  with  sinus  rhythm.  In  these 
there  is  much  less  likelihood  of  the  breaking  of  a  vicious  circle  by  a 
small  dose,  since  the  essential  element  in  the  causation  of  failure  is  not 
the  same.  Among  these  we  find  far  fewer  instances  of  full  therapeutic 
response  to  a  dose  much  below  the  average.  The  tendency  to  exceed 
the  average  markedly  is  also  somewhat  less  frequent.  We,  therefore, 
believe  that  the  wide  variations  in  dose  sometimes  encountered  with  a 
given  sample  of  digitalis  are  probably  referable  to  variations  in  the 
capacity  of  the  individual  patient  to  absorb  the  drug  although  there  is 
always  the  possible  factor  of  a  relative  insusceptibility  of  the  heart  itself 
to  the  action  of  the  drug.  Furthermore,  it  has  been  our  general 
experience  that  when  a  patient  is  found  to  absorb  one  specimen  of 
digitalis  promptly,  he  almost  invariably  absorbs  other  good  specimens 
equally  well,  though  not  necessarily  to  precisely  the  same  e:^tent,  or  with 
quite  the  same  promptness.  Finally,  we  continued  the  administration 
of  each  of  the  samples  of  both  purified  and  galenic  tinctures  beyond  the 
development  of  full  therapeutic  effects  in  one  or  more  patients  for  the 
purpose  of  testing  the  matter  of  insusceptibility  of  the  heart.  From  the 
twenty-three  instances  in  which  this  was  done  we  select  a  few  for 
illustration. 

Patient  38  showed  a  marked  degree  of  ventricular  slowing  only 
after  0.131  cat  unit  per  pound  of  body  weight,  with  removal  of  his 
pulse  deficit  and  a  satisfactory  therapeutic  response,  but  it  was  neces- 
sary to  increase  the  total  dose  taken  to  0.250  cat  unit,  or  nearly  double, 
before  the  only  toxic  symptom — nausea — developed.  In  patient  34  a 
single  dose  of  0.065  cat  unit  per  pound  produced  ventricular  slowing 
and  reduced  the  pulse  deficit  in  one  hour.  After  an  interval  of  56  hours 
the  same  preparation  was  continued  at  the  rate  of  0.069  cat  unit  per 
pound  daily  until  a  total  of  0.237  cat  unit  per  pound  had  been  taken 
without  the  development  of  any  toxic  symptoms.  Analogous  variations 
were  seen  in  several  other  cases.  We  are  convinced  that  the  probable 
explanation  for  the  poor  absorption  in  these  cases,  especially  in  those 
receiving  the  purified  tinctures,  is  referable  to  the  patient's  individual 
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deficiency  in  the  capacity  to  absorb  digitalis.  We  also  believe  that  the 
differences  in  the  capacity  to  absorb  digitalis,  and  not  cardiac  insuscepti- 
bility, largely  account  for  the  variations  in  dosage  observed  in  a  series 
of  patients  receiving  a  single  sample  of  the  drug. 

SUMMARY 

1.  The  absorption  of  high  grade  specimens  of  tincture  of  digitalis 
from  the  digestive  tract  of  man  is  almost  invariably  sufficiently  uniform 
to  permit  the  establishment  of  a  satisfactory  working  average  total  dose 
in  terms  of  the  cat  unit  of  activity  per  pound  of  the  patient's  body 
weight. 

2.  Specimens  of  tincture  of  average  biologic  activity  are  occasionally 
encountered  which  are  therapeutically  unsatisfactory  on  account  of  poor 
absorption  from  the  alimentary  canal. 

3.  Tincture  of  digitalis  shows  definite  evidences  of  action  on  the 
heart  in  from  two  to  four  hours  after  oral  administration  to  man. 

4.  Poorly  absorbed  tinctures  may  require  more  than  five  hours  for 
the  development  of  demonstrable  cardiac  action. 

5.  A  method  of  preparing  and  standardizing  a  purified  tincture  of 
digitalis  is  described. 

6.  The  purified  tincture  is  shown  to  be  absorbed  from  the  human 
digestive  tract  more  rapidly  and  more  nearly  uniformly  than  are 
different  specimens  of  ofiicial  tincture  of  average  biologic  activity. 

7.  Considerable  variation  in  the  capacity  of  diff'erent  individuals  to 
absorb  digitalis  is  shown  to  exist. 

8.  Evidence  is  off'ered  to  show  that  digitalis  causes  nausea  or  vomit- 
ing in  man  by  reflexes  arising  in  the  heart  as  a  result  of  its  intoxication. 

9.  An  average  total  dose  of  the  purified  tincture  for  oral  administra- 
tion to  man  is  established  on  the  basis  of  its  cat  unit  of  activity  and  the 
patient's  body  weight. 

CONCLUSION 

While  the  purified  tincture  of  digitalis  is  more  nearly  uniformly 
absorbed  by  man  than  are  official  tinctures  obtained  from  diff'erent 
sources,  it  is,  perhaps,  not  more  uniformly  absorbed  than  is  any  single 
tincture  of  good  quality.  It  is  probable  that  crystalline  digitoxin  is 
slightly  more  uniformly  absorbed  than  the  purified  tincture,  but  the 
former  does  not  seem  to  be  of  uniform  activity.  Each  specimen  of 
crystalline  digitoxin,  therefore,  would  appear  to  require  biologic  assay 
before  it  could  be  used  safely  in  effective  doses,  unless  one  wishes  to 
proceed  very  cautiously  with  its  administration,  in  which  case  there 
would  be  delay  in  obtaining  its  full  therapeutic  effect. 


DELAYED    CONDUCTION    THROUGH    THE    RIGHT    AND 
LEFT     BRANCHES     OF     THE     ATRIOVEN- 
TRICULAR    BUNDLE  * 

HORACE    MARSHALL    KORNS,    M.D. 

CLEVELAND 
INTRODUCTION 

The  question  of  the  diagnosis  of  branch  lesions  in  clinical  electro- 
cardiography is  still  largely  unanswered.  There  are  at  least  two 
important  reasons  for  this.  In  the  first  place,  although  an  abundance 
of  experimental  data  pertaining  to  complete  bundle  branch  block  in 
animals  has  been  accumulated,  the  extent  to  which  the  results  can  be 
applied  to  man  is  very  uncertain.  A  further  difficulty  is  discovered 
in  the  recent  papers  of  Fahr/  who  would  completely  reverse  the 
previous  conceptions  of  branch  lesions  and  preponderating  ventricular 
hypertrophy. 

In  the  second  place,  our  knowledge  of  the  anatomy  of  the  atrio- 
ventricular bundle  and  the  Purkinje  system  is  far  from  complete.  We 
have  not  been  sufficiently  critical  of  researches  on  their  normal  struc- 
ture, more  especially  in  relation  to  the  methods  adopted.  We  have 
fallen  into  the  habit  of  easily  visualizing  the  nodes  and  tracts  of  the 
atrioventricular  conduction  system  in  the  human  heart,  overlooking  the 
fact  that  the  technic  which  has  generally  been  employed  in  examining 
these  structures  has  failed  entirely  to  bring  to  light  the  finer  details 
of  the  Purkinje  system.  Is  it  not  significant  of  the  inadequacy  of  the 
ordinary  technic  that  it  has  never  until  recently  -  succeeded  in  demon- 
strating Purkinje  fibers  in  the  wall  of  the  auricle?  The  pathologist's 
failure  to  find  in  the  conduction  system  the  organic  lesion  so  confidently 
predicted  from  the  electrocardiogram  is  a  matter  of  frequent  record. 
That  many  of  these  conductional  defects  are  functional  and  transient, 
we  know,  but  on  the  other  hand,  more  such  defects  than  we  suspect 
are  due  to  actual  lesion.  Instead  of  revising  our  interpretation  of 
tracings,  let  us  inquire  into  our  pathologic  methods,  and  see  what 
need  of  revision  may  be  there.  I  think  we  shall  find  that  the  method 
of  clinical  electrocardiography  is  so  much  more  sensitive  and  exact 
than  our  present  pathologic  methods  that  we  need  not  cast  aside  all 


*  From  the  Medical  Clinic  of  Lakeside  Hospital  and  ^^'estern  Reserve 
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*  Read  before  the  Experimental  Medicine  Section  of  the  Cleveland  Academy 
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1.  Fahr:  Arch.  Int.  Med.  25:146  (Jan.^   1920;  ibid,  27:126   (Tan.)   1921. 

2.  Holmes:  J.  Anat.  55:269,  1921.  Holmes  found  Purkinje  fibers  in  the 
auricle  in  two  animals.  He  believes  (erroneously)  that  he  was  the  first  to  make 
this  discoverv. 
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our  clinical  conceptions  from  want  of  postmortem  confirmation.  In 
the  light  of  these  considerations,  it  is  probable  that  past  attempts  to 
correlate  clinical  with  pathologic  findings  have  served  more  to  obscure 
than  to  elucidate  the  problem.  The  truth  of  this  observation  is  very 
clear  to  anyone  who  has  encountered  in  his  own  experience,  and  in 
the  literature,  its  many  examples.  Contradiction  and  confusion  are 
everywhere  apparent. 

It  is  my  belief  that  we  shall  be  forced  to  discard  many  of  the 
conclusions  based  on  earlier  methods  of  anatomic  study,  and  take  a 
fresh  start.  I  wish  to  draw  the  attention  of  all  students  of  this 
problem  to  the  monograph  of  Van  der  Stricht  and  Todd  ^  as  offering 
an  adequate  basis  on  which  more  exact  observations  may  be  made  in 
the  future.  These  investigators  have  contributed  much  to  our  knowl- 
edge of  the  anatomy,  normal  and  abnormal,  of  the  Purkinje  system. 
They  were  the  first  to  succeed  in  demonstrating  fibers  of  Purkinje  in 
the  auricular  walls.  The  importance  of  the  endeavor  to  correlate 
clinical  electrocardiograms  with  pathologic  findings  such  as  these,  as 
Carter  *  has  done,  cannot  be  overemphasized,  but  it  is  much  too  early 
for  sweeping  generalizations.  It  is  of  interest  here  to  mention  the 
researches  of  Oppenheimer  and  Rothschild  ^  in  "arborization  block." 
Their  results  have  been  vigorously  attacked  from  various  standpoints, 
notably  by  Wilson  and  Herrmann,*^  Smith  ^  and  Drury.*  This  criticism 
loses  some  of  its  force  in  the  presence  of  better  understanding  of  the 
anatomy  and  pathology  of  the  conduction  system. 

INCOMPLETE     BUNDLE     BRANCH     BLOCK 

The  effect  on  the  electrocardiogram  of  delay  in  conduction  through 
the  right  and  left  branches  of  the  atrioventricular  bundle  was  first 
suggested  by  Lewis  °  in  1912.  He  observed  the  phenomenon  in  the 
course  of  an  experiment,  and  strongly  suspects  that  it  occurs  in 
certain  patients.  Wilson  and  Herrmann  ^°  elaborated  this  idea  in  the 
endeavor  to  explain  certain  aberrant  electrocardiograms  which  are  not 
at  all  characteristic  of  complete  branch  lesions  as  at  present  understood, 
yet  display  conspicuous  increase  in  the  Q  R  S  interval.  They  pro- 
posed to  show  that  the  principal  effect  of  a  lesion  which  delays,  but  does 
not  completely  interrupt,  the  passage  of  the  impulse  through  one  of 
the  main  branches  of  the  atrioventricular  bundle  will  be  a  change  in 


3.  Van  der  Stricht  and  Todd:  Johns  Hopkins  Hosp.  Rep.  19:  Fasc.  1,  1919. 

4.  Carter:  Arch.  Int.  Med.  22:331   (March)    1918. 

5.  Oppenheimer  and  Rothschild:  J.  A.  M.  A.  69:429  (Aug.  11)   1917. 

6.  Wilson  and  Herrmann:  Arch.  Int.  Med.  26:153   (Aug.)    1920. 

7.  Smith:  Arch.  Int.  Med.  26:205  (Aug.)   1920. 

8.  Drury:  Heart  8:23,  1921. 

9.  Lewis:   Heart  3:279,  1912. 

10.  Wilson  and  Herrmann:   Heart  8:229,  1921. 
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the  time  relation  of  the  right  and  left  ventricular  effects,  and,  therefore, 
an  abnormal  combination  of  the  dextrocardiogram  and  levocardiogram. 
They  endeavored  to  demonstrate  this  both  graphically  and  experi- 
mentally. Using  Lewis'  measurements  and  his  method  of  algebraic 
addition  of  the  dextrocardiogram  and  levocardiogram,  they  determined 
the  effect  on  the  resultant  curve  of  adding  the  dextrocardiogram  and 
levocardiogram  in  varying  time  relations.  They  found  that  this 
procedure  produces  curves  which  are  transitional  in  form  and  Q  R  S 
interval  between  the  normal  complex  and  the  complex  of  branch  lesions. 
The  calculated  bicardiogram  gradually  takes  on  the  form  of  the  levo- 
cardiogram or  dextrocardiogram,  depending  on  which  is  made  to 
precede  the  other.  A  time  difference  of  0.005  second  produces  a  very 
conspicuous  change,  and  a  discrepancy  of  0.015  second  completely  alters 
the  character  of  the  bicardiogram. 

The  experimental  procedures  employed  in  the  hope  of  producing 
transitional  complexes  were :  ( 1 )  Vagus  stimulation  in  the  presence 
of  right  bundle  branch  block.  (2)  Bilateral  bundle  branch  block.  (3) 
Stimulation  of  the  right  ventricle  in  right  bundle  branch  block.  All 
succeeded  to  a  certain  extent  in  producing  transitional  complexes,  espe- 
cially the  last.  A  typical  curve  shows  at  one  end  a  fully  developed 
dextrocardiogram,  at  the  other  a  fully  developed  levocardiogram,  and 
many  interposed  combination  complexes  whose  contour  and  Q  R  S 
interval  depend,  respectively,  on  which  of  the  two  components  precedes, 
and  by  how  great  a  period  of  time.  If  the  right  and  left  ventricular 
eft'ects  occur  in  normal  time  relation,  the  result  is  a  complex  which 
very  closely  approximates  the  physiologic  curve  as  shown  in  the 
control.  If  one  of  the  components  is. of  greater  amplitude  than  the 
other,  this  will  affect  the  amplitude  of  the  combination  complexes 
proportionately.  Furthermore,  in  the  experiments  in  which  the  extra- 
systolic  dextrocardiogram  was  combined  with  the  supraventricular  levo- 
cardiogram it  could  be  determined  exactly  by  how  great  an  interval  the 
one  preceded  the  other,  inasmuch  as  each  followed  a  recorded  event 
by  a  definite  interval. 

The  conclusions  reached  by  Wilson  and  Herrmann  from  their 
experiments  are: 

1.  Combination  complexes  in  which  the  dextrocardiogram  precedes  the 
levocardiogram  by  a  considerable  interval  are  transitional  in  outline  between 
the  normal  complex  and  the  complex  of  left  bundle  branch  block. 

2.  Combination  complexes  in  which  the  levocardiogram  precedes  the  dextro- 
cardiogram by  a  considerable  interval  are  transitional  in  outline  between  the 
normal  complex  and  the  complex  of  right  bundle  branch  block. 

3.  Combination  complexes  in  which  the  levocardiogram  and  dextrocardio- 
gram begin  at  almost  the  same  instant  resemble  the  normal  type  of  complex 
closely. 

4.  All  combination  complexes  except  those  of  the  third  class  are  diphasic 
and  have  a  Q  R  S  interval  intermediate  between  the  natural  Q  R  S  interval  and 
the  Q   R   S  interval   of  bundle  branch  block. 
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5.  The  T  wave  of  complexes  formed  by  asynchronous  combination  of  dextro- 
cardiogram  and  levocardiogram  is  transitional  in  outline  between  the  normal 
T  wave  and  that  of  the  fully  developed  bundle  branch  block  complex. 

The  experiments  of  Wilson  and  Herrmann  are  noteworthy  because 
they  throw  hght  on  a  Httle  understood  aspect  of  the  problem  of  deficient 
branch  conduction.  Our  case  is  considered  worthy  of  report  because 
the  electrocardiograms  reproduced  nearly  all  of  the  phenomena  obtained 
by  Wilson  and  Herrmann  from  their  experimental  animals. 

REPORT     OF     CASE 

The  patient,  a  man,  aged  60,  was  admitted  to  the  hospital  for  the  first 
time  Oct.  14.  1920. 

Present  Illness. — Patient  has  been  incapacitated  for  three  years  on  account 
of  shortness  of  breath  and  weakness.  He  has  apparently  been  in  a  state  of 
relative  cardiac  decompensation  throughout  this  entire  time.  He  has  suffered 
frequently  from  palpitation,  and  has  had  dependent  edema  except  when  at  rest 
in  bed.  In  recent  years  it  has  been  necessary  for  him  to  get  up  frequently  at 
night  to  pass  his  urine,  sometimes  as  often  as  every  five  minutes. 

Past  History. — The  only  point  of  importance  is  the  definite  history  of 
repeated  attacks  of  articular  rheumatism.  These  attacks  have  no  doubt 
sustained  a  definite  relation  to  part,  at  least,  of  the  patient's  present  cardiac 
disability. 

Physical  Examination. — Patient  is  sitting  up  in  bed,  very  uncomfortable  on 
account  of  shortness  of  breath.  He  complains  of  no  pain.  There  is  slight 
edema  of  the  ankles. 

Lungs:  The  physical  signs  of  the  lungs  are  those  of  increase  in  volume 
and  diminution  in  extensibility,  together  with  increase  in  density  at  the  right 
base  from  accumulation  of  fluid  in  the  pleural  cavity. 

Heart:  The  median  portions  of  both  costal  margins  move  toward  the 
median  line  during  inspiration,  and  the  lower  end  of  the  sternum  moves  in  a 
vertebrad  direction — evidence  of  enlargement  of  both  right  and  left  ventricles, 
and  right  auricle.  A  choc  en  dome  is  perceptible  in  the  sixth  intercostal  space 
at  the  left  anterior  axillary  line.  A  systolic  impulse  and  disastolic  impact  are 
palpable  over  the  conus  arteriosus  of  the  right  ventricle,  borders  of  dulness  : 
Upper :  At  the  third  intercostal  space  in  the  left  midclavicular  line.  Right : 
Extends  two-thirds  of  the  way  to  the  right  midclavicular  line  in  the  fourth 
intercostal  space.  Left :  Reaches  the  anterior  axillary  line  in  the  sixth  inter- 
costal space.  Auscultation  :  At  the  apex,  the  systolic  sound  is  accompanied  by 
a  loud,  low  pitched  murmur;  the  diastolic  sound  is  faint,  with  no  adventitious 
sounds  in  diastole.  At  the  aortic  area,  the  systolic  sound  is  accompanied  by  a 
murmur  of  less  intensity  than  at  the  apex;  the  diastolic  sound  is  accentuated 
and  has  a  tympanitic  quality,  and  is  accompanied  by  a  long  murmur  in  diastole. 

Arteries:  General  sclerosis.  The  peripheral  pulse  is  celer  in  type; 
monocrotic;  it  is  grossly  irregular  and  arrhythmic — the  pulse  of  auricular 
fibrillation.     Blood  pressure  :  210/95. 

Veins  :    Tremendous  engorgement  in  neck  and  arms. 

Abdomen :  Large  from  obesity.  No  edema  of  wall ;  no  free  peritoneal  fluid. 
The  liver  is  enlarged  and  rotated,  extending  three  fingers'  breadths  below  the 
right  costal  margin  in  the  midclavicular  line;  it  is  tender,  not  increased  in 
consistency.    The  spleen  is  enlarged  to  percussion,  but  is  not  palpable. 

Laboratory  Findings. — Spinal  fluid  perfectly  normal.  Fluid  from  pleural 
cavity  was  a  transudate.  Urine  showed  albumin  in  varying  amounts.  Phenol- 
sulphonephthalein  excretion,  50  per  cent,  in  two  hours. 
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Diagnosis.— Primary  sclerosis  of  the  root  of  the  aorta.  Insufficiency  of  the 
aortic  valve,  a  result  of  rheumatic  endocarditis.  Chronic  myocardial  disease, 
with  very  considerable  enlargement  of  both  ventricles,  predominantly  the  left. 
General  arteriosclerosis. 

Treatment. — Tincture  of  digitalis  was  given  as  follows: 


Date 

Amount 

October      15 

15  c.c. 

October       16 

10  c.c. 

November    6 

15  c.c. 

November    7 

10  c.c. 

November  19 

15  c.c. 

November  20 

10  c.c. 

November  28 

8  c.c. 

November  29 

8  c.c. 

December     2 

5  c.c. 

December     3 

10  c.c. 

Decemljer     4 

8  c.c. 

Total     114  c.c. 

Course. — Patient  showed  no  great  improvement  at  any  time  during  his  stay 
in  the  hospital.  He  was  discharged  Dec.  21.  1920,  in  practically  the  same  con- 
dition as  when  he  entered.     No  electrocardiograms  were  made. 

Second  Admission. — Patient  was  readmitted  to  the  hospital  Jan.  14,  1921. 
Since  his  discharge  he  had  been  constantly  confined  to  bed.  His  air  hunger 
had  not  been  so  intense,  but  the  abdomen  had  begun  to  swell  conspicuously, 
and  his  output  of  urine  had  been  very  low.  The  physical  findings  were  much 
as  before,  except  that  there  was  more  edema  involving  the  lower  extremities, 
the  abdominal  wall  and  the  tissues  over  the  sacrum,  and  there  was  evidence  of 
greater  stasis.  Patient's  condition  continued  practically  unchanged  until 
Feb.  17,  1921,  when  he  suflfered  an  acute  dilatation  of  the  heart.  The  right 
auricle  extended  a  finger's  breadth  to  the  right  of  the  right  midclavicular  line, 
and  the  patient  was  in  extremis.  Strophanthin,  0.65  mg.,  was  administered 
intravenously  without  eflfect.  Removal  of  600  c.c.  of  blood  by  venesection,  and 
administration  of  an  additional  0.15  mg.  of  strophanthin,  intramuscularl)',  was 
followed  by  immediate  improvement  in  the  patient's  condition.  The  right 
auricle  receded  to  its  original  position,  two-thirds  of  the  way  to  the  right  mid- 
clavicular line.  The  next  day  the  patient  was  in  better  condition  than  he  had 
been  for  weeks.  The  remainder  of  his  course  was  uneventful,  and  he  was 
discharged  April  21,  1921,  in  a  somewhat  improved  condition. 

Electrocardiographic  Record. — Electrocardiograms  were  made  at  the  time  of 
the  second  admission,  Jan.  15,  1921.  They  showed  simply  auricular  fibrillation 
with  rather  rapid  ventricular  rate,  and  preponderance  of  the  levocardiogram. 
Records  made  January  19,  after  the  administration  of  18.5  c.c.  tincture  of 
digitalis,  again  showed  auricular  fibrillation,  but  with  a  much  slower  ventricular 
rate.  No  further  records  were  made  until  April  14,  1921.  In  the  meantime,  the 
patient  had  had  an  acute  dilatation  of  the  heart,  from  which  he  made  a  good 
recovery,  and  had  been  thoroughly  digitalized. 

Tincture  digitalis  was  given  as   follows : 

Date  Amount 


March  19 

4  c.c. 

March  20 

8  c.c. 

March  26 

2  c.c. 

March  27  to  April  6,  inclusive 

33  c.c. 

April       8  to  April  11,  inclusive 

12  c.c. 

Total 

59  c.c. 
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It  was  noticed  April  11  that  the  pulse  rate  had  become  exceedingly  slow, 
and  from  auscultation  one  could  detect  coupling  of  beats,  presumably  a  normal 
cycle  with  a  premature  contraction.  It  was  when  these  phenomena  were  present 
that  the  last  electrocardiograms  were  secured. 

THE     ELECTROCARDIOGRAMS 

The  records  (Figs.  1  to  6)  show  auricular  fibrillation  with  a  high 
degree  of  atrioventricular  heart  block.  The  block  is  probably  not  com- 
plete, however,  for  the  interventricular  intervals  are  not  quite  equal. 
The  ventricle  is  still  responding  to  supraventricular  impulses.  That  the 
heart  is  strongly  under  the  influence  of  digitalis  is  apparent  from  the 
coupling  of  a  supraventricular  cycle  with  a  premature  contraction  of 
ventricular  origin.  The  point  to  w.hich  I  wish  to  draw  particular  atten- 
tion is  the  changing  character  of  the  complexes  which  are  responses  to 
supraventricular  impulses.  The  Q  R  S  and  T  deflections  dififer  in  a 
striking  manner  from  cycle  to  cycle.  The  difference  is  manifest  in  con- 
tour, in  direction  of  the  deflection,  in  duration  of  the  Q  R  S  interval,  and 
in  amplitude.  Control  curves  are  necessarily  wanting,  but  it  is  certain 
that  none  of  the  complexes  represents  fully  developed  bundle  branch 
block,  and  it  is  probable  that  none  can  be  considered  as  a  perfectly  nor- 
mal complex.  Gradual  and  sudden  transitions  from  levocardiogram  to 
dextrocardiogram  are  seen ;  some  complexes  are  polyphasic,  others 
diphasic.  It  is  my  belief  that  these  phenomena  are  due  to  unequally 
widened  refractory  periods  of  the  right  and  left  branches  of  the  atrio- 
ventricular bundle.  The  supraventricular  impulse  is  not  transmitted 
through  the  two  branches  at  the  same  rate  at  all  times.  If  a  stimulus 
enters  at  a  time  when  the  left  branch  is  less  refractory  than  the  right 
the  levocardiogram  shapes  the  early  portion  of  the  complex,  and  the 
prolongation  of  the  Q  R  S  interval  and  extent  to  which  the  curve 
becomes  diphasic  are  proportional  to  the  degree  of  difference  in  refrac- 
tory periods.  At  one  instant  the  levocardiogram  precedes,  at  the  next, 
the  dextrocardiogram  precedes ;  again,  they  occur  in  normal  time  rela- 
tion, and  the  result  is  a  complex  which  closely  approximates  the  normal. 

The  striking  similarity  between  these  curves  and  those  published 
by  Wilson  and  Herrmann  ^°  is  at  once  apparent.  There  are  some 
differences,  however.  By  comparison  with  other  records  made  on  this 
patient  it  is  clear  that  the  following  complexes  approxirnate  the  normal : 
For  Lead  I,  Figure  1,  strip  I-l,  cycle  number  3 ;  for  Lead  II,  Figure  2, 
strip  II-3,  cycle  number  3;  for  Lead  III,  Figure  3,  strip  III-3,  cycle 
number  5.  These  complexes  are  marked  with  arrows  in  the  figures. 
It  will  be  seen  that  the  fifth  cycle  in  Figure  2,  strip  II-l  (marked  with 
cross),  is  interposed  between  two  complexes  in  one  of  which  the 
levocardiogram  predominates ;  in  the  other,  the  dextrocardiogram.  The 
interposed  complex,   although   intermediate   in   contour,   has  a   Q  R  S 
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interval  of  only  0.055  second,^^  which  is  much  shorter  than  0.072 
second,  the  approximate  normal  for  this  lead.  A  similar  complex  of 
even  shorter  Q  R  S  interval.  0.048  second,  appears  in  Figure  2,  strip 
II_4.  In  a  heart  in  which  conduction  is  known  to  be  impaired,  it  is 
difficult  to  conceive  of  spread  of  the  impulse  to  both  ventricles  in  less 
than  the  normal  time,  and  for  this  reason  these  two  complexes  defy 
analysis. 

REVIEW     OF     THE     LITERATURE 

In  my  search  of  the  literature  I  have  been  able  to  discover  only 
eight  cases  which  may  properly  be  classified  as  exajnples  of  delayed 
conduction  through  both  branches  of  the  atrioventricular  bundle.     In 


Fig.  1. — Lead  I.  In  this,  and  in  all  succeeding  figures,  one  division  of 
abscissae  equals  0.04  second,  of  ordinates,  10"^  volt;  each  strip  is  a  direct  con- 
tinuation of  its  predecessor,  within  each  lead ;  duration  of  Q  R  S  intervals  is 
marked  in  seconds.     For  full  description  see  text. 

1911,  and  again  in  1913,  Cohn  ^-  described  a  case  of  complete  atrio- 
ventricular heart  block  in  a  patient  70  years  of  age  who  was  suffering 
from  severe  heart  failure.  In  addition  to  the  A-V  block,  the  ventricular 
complexes  show  a  great  range  of  variation  from  dextrocardiogram  to 
levocardiogram.  No  normal  complexes  or  fully  developed  bundle  branch 
block  complexes  are  shown.     Cohn  suggests  that  the  varying  complexes 


11.  These  measurements  were  made  with  a  magnification  of  one  hundred 
diameters,  secured  by  lantern  projection  of  the  negatives  upon  coordinate  paper 
ruled  in  millimeters.    Thej'  are  accurate  within  a  few  thousands  of  a  second. 

12.  Cohn:  Proc.  Soc.  Exper.  Biol..&  M.  9:24.  1911:  Heart  5:5,  1913. 
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are  caused  by  functional  depression  of  the  bundle  branches,  possibly 
from  digitalis,  but  he  does  not  fully  explain  the  transitional  complexes. 
Mathewson,^^  in  1913,  described  a  case  which  showed  both  levocardio- 
gram  and  dextrocardiogram,  but  no  transitional  complexes.  In  the 
same  year,  Oppenheimer  and  Williams  ^*  placed  on  record  an  example 
of  delayed  conduction  through  both  bundle  branches  showing  many 
transitional  complexes.  Their  patient  also  had  complete  A-V  heart 
block.     Necropsy  revealed  no  pathologic  changes  in  any  part  of  the 


Fig.  2. — Lead  II. 


conduction  system.  In  1915,  Christian  ^^^  reported  three  cases,  two  of 
which  were  associated  with  an  A-V  heart  block,  one  with  auricular 
fibrillation.  Necropsy  in  one  case  revealed  no  organic  lesion  of  any  part 
of  the  conduction  system.     Wilson  and  Robinson,'"  in  1918,  observed 


13.  Mathevvson:    Heart  4:385,  1913. 

14.  Oppenheimer  and  Williams:  Proc.  Soc.  Exper.  Biol.  &  M.  10:86.   1913. 

15.  Christian:  Arch.  Int.  Med.  16:341    (Sept.)    1915. 

16.  Wilson  and  Robinson:  Arch.  Int.  Med.  21:165   (Feb.)   1918. 
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delay  in  branch  conduction,  in  a  patient  with  complete  A-V  heart  block. 
after  a  large  dose  of  digitalis  (Case  2,  Fig.  6,  of  their  paper).  In 
1921,  a  case  was  reported  from  the  clinic  of  White  and  Burwell  ^' 
which  probably  represents  a  much  less  degree  of  delayed  branch  con- 
duction. 

Examples  of  delayed  conduction  through  one  branch  only  have 
been  described  by  W'ilson,^^  Robinson, ^^  Mathewson,^^  Frederica  and 
AIoller,-°  and  Wilson  and  Herrmann. "^ 


Fig.  3.— Lead  III. 
CAUSE     OF     DELAYED     BRANCH      CONDITION 

Exclusive  of  organic  lesions,  delayed  conduction  through  the  right 
and  left  branches  of  the  atrioventricular  bundle  is  clearly  the  result  of 
disturbed  relation  between  the  rate  at  which  impulses  are  discharged 
and  the  refractory  periods  of  the  A-\'  node  and  that  of  the  individual 
branches,  in  which  widening  of  the  refractory  periods  of  the  branches 
plays  the  major  part.  It  is  obvious  that  delay  in  branch  conduction  of 
transmitted  impulses  cannot  occur  if  the  length  of  the  refractory  period 


17.  White  and  Burwell:  Med.  Clinics,  X.  America  4:1839.  1921. 

18.  Wilson:  Arch.  Int.  Med.  16:108  (July)   1915. 

19.  Robinson:  Arch.  Int.  Med.  18:830  (Dec.)  1916;  ibid.  24:422  (Sept.)  1919. 

20.  Frederica  and  Moller:   Cited  by  Lewis.  Mechanism  and  Graphic  Regis- 
tration of  the  Heart  Beat.  Shaw  &  Sons.  1920. 
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Fig.  4.— Lead  III. 


Fie.  5. — Lead  IIL 
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of  the  A-\'  node  exceeds  that  of  the  branches,  regardless  of  the 
auricular  rate.  If  the  refractory  period  of  either  branch  exceeds  that 
of  the  A-\'  node,  however,  delay  in  conduction  through  that  branch 
must  necessarily  follow  unless  the  auricular  rate,  in  turn,  is  slow  enough 
to  permit  full  recovery  of  the  branch  after  each  beat.  Deficient  branch 
conduction  is  therefore  due  to  widening  of  the  refractory  period  of  the 
branch  in  excess  of  that  of  the  A-\'  node,  coupled  with  a  sufficiently 
high  auricular  rate.  If  delayed  branch  conduction  occurs  in  conjunction 
with  complete  A-\'  heart  block,  it  is  due  to  the  fact  that  the  rate  of 
discharge  of  impulses  from  the  ventricular  pacemaker  is  too  high  to 
allow  full  recovery  of  the  branch  after  each  beat.  It  is  probable  that 
the  branch  may  be  partially  refractory,  as  well  as  absolutely  refractory, 
and  the  degree  of  delay  in  branch  conduction  may  depend  upon  how 
much  of  the  required  refractory  interval  has  elapsed  at  the  time  the 


Fig.  6.— Lead  III. 

new  stimulus  enters  the  branch.  If  the  refractory  periods  of  both 
branches  are  equal  in  length,  and  exceed  that  of  the  A-V  node,  the 
amount  of  delay  will  be  uniform;  but  if  the  refractory  intervals  of  the 
branches  are  of  unequal  length,  the  relative  degree  of  delav  in  the  two 
branches  will  vary  constantly  from  cycle  to  cycle. 

In  clinical  experience  delayed  branch  conduction  occurs  either  (  1 ) 
spontaneously,  or  (2)  as  a  result  of  digitalis  intoxication.  In  the 
former  instance  it  is  no  doubt  due  primarily  to  considerable  impair- 
ment of  the  blood  supply  to  the  individual  branches.  The  most 
brilliant  examples  of  spontaneous  occurrence  are  seen  in  the  cases 
reported  by  Robinson. ^*^  One  of  his  patients  with  auricular  fibrillation 
and  a  rapid  ventricular  rate  showed  unmistakable  evidence  of  delayed 
conduction  through  the  right  branch.  After  the  refractory  period  of 
the  A-\'  node  had  been  lengthened  by  digitalis  to  a  point  where  it 
equalled  or  exceeded  the  abnormally  long  refractory  period  of  the  right 
branch,   the   complexes   became   approximately   normal.      A    few   days 
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later,  when  tlie  ventricular  rate  had  increased  fifteen  beats  per  minute, 
evidence  of  delayed  branch  conduction  again  appeared,  but  onl\  in 
those  complexes  preceded  by  a  short  diastole.  It  is  possible  also  that 
digitalis  may  directly  shorten  the  refractory  period  of  the  branch  in 
such  cases  by  improving  its  blood  supply.  A  review  of  other  cases 
shows  that  the  refractory  period  of  the  branch  may  be  so  long  that 
that  of  the  AA'  node  cannot  be  increased  sufficiently  by  digitalis  to  com- 
pensate for  it.  Consequently,  the  rate  at  which  transmitted  impulses  are 
received  continues  to  be  out  of  proportion  to  the  lengthened  refractory 
interval  of  the  branch,  and  delay  in  conduction  therefore  ]^ersists  until 
the  refractory  period  is  directly  shortened,  possibly  by  improvement  in 
the  nutrition  of  the  branch. 

When  delayed  branch  conduction  is  not  spontaneously  present  it 
may  occasionally  be  produced  by  digitalis.  Clinical  evidence  justifies 
us  in  advancing  the  suggestion  that  in  certain  cases  where  digitalis  has 
been  pushed  .strongly  its  action  is  exerted  directly  upon  the  individual 
branches  of  the  atrioventricular  bundle  to  such  an  extent  that  their 
refractory  periods  are  prolonged  to  a  degree  in  excess  of  the  prolonga- 
tion simultaneously  produced  at  the  A-\'  node,  thereby  delaying  con- 
duction through  the  branches.  The  condition  is  then  identical  in  every 
way  with  that  which  occurs  spontaneously.  The  electrocardiograms 
are  such  as  have  been  described  in  my  case  report ;  they  are  in  no  way 
different  from  those  occurring  in  deficient  branch  conduction  which  is 
not  dependent  upon  drug  action. 

Cohn  ^-  is  to  be  credited  with  this  suggestion  originally,  although  he 
did  not  develop  it  completely.  He  ascribed  the  phenomena  in  his  case  to 
digitalis,  although  there  was  no  other  evidence  that  the  patient  had  been 
under  its  influence.  No  mention  of  digitalis  is  made  by  Mathewson  ^^  or 
Oppenheimer  and  Williams.^^  In  the  first  three  cases  reported  by 
Christian,^-^  and  in  the  case  reported  by  Wilson  and  Robinson/**  how- 
ever, the  relation  is  remarkably  clear.  In  Christian's  cases  the  varying 
ventricular  complexes  made  their  first  appearance  under  digitalis,  dis- 
appeared after  discontinuance  of  the  drug,  and  were  again  made  to 
appear  under  digitalis.  The  varying  complexes  were  always  associated 
with  a  greater  or  less  degree  of  atrioventricular  heart  block,  and  it  is 
significant  that  they  were  last  to  appear  under  heavy  doses  of  the 
drug,  and  first  to  vanish  when  it  was  withdrawn.  As  in  my  case,  the 
heart  in  Christian's  Case  1  was  known  to  be  strongly  under  the  effect 
of  digitalis,  for  in  both  cases  the  characteristic  slow  bigeminus  appears. 
The  second  case  described  by  W'ilson  and  Robinson  had  complete 
atrioventricular  heart  block,  but  it  was  only  after  a  massive  dose  (12 
c.c.)  of  tincture  digitalis  that  his  electrocardiograms  displayed  unmis- 
takable signs  of  delayed  branch  conduction. 
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My  patient  was  receiving  the  drug  almost  continuously  from 
March  19  to  April  11,  at  the  end  of  which  time  a  total  of  59  c.c.  had 
been  taken.  April  14  the  records  showing  delayed  branch  conduction 
were  secured.  Unfortunately,  it  was  impossible  to  secure  further 
records  after  the  effect  of  the  drug  had  disappeared,  for  the  patient 
suddenly  left  the  hospital,  and  died  June  6.  The  evidence  in  this  case 
that  delayed  branch  conduction  was  due  to  digitalis  is,  therefore,  not 
so  conclusive  as  it  is  in  the  cases  of  Christian  and  Wilson  and  Robinson, 
but  it  is  nevertheless  strongly  suggestive. 

The  views  here  expressed  concerning  the  nature  of  delayed  branch 
conduction  are  closely  in  harmony  either  directly  or  by  analogy  with 
the  recent  work  of  Lewis  and  his  associates,-^  in  which  the  earlier 
researches  of  Cushny  --  have  been  largely  confirmed  and  considerably 
amplified  particularly  with  regard  to  the  role  played  by  high  auricular 
rates  in  affecting  degree  of  block  at  the  A-\'  node. 

SUMMARY 

1.  It  is  suggested  that  the  older  routine  methods  which  have  been 
depended  on  to  show  the  normal  and  abnormal  anatomy  of  the  Purkinje 
system  be  subjected  to  rigid  criticism.  Recent  work  has  made  it  clear 
that  these  methods  have  been  inadequate. 

2.  Recent  experimental  work  on  the  subject  of  delayed  branch  con- 
duction is  reviewed.  A  case  is  reported  in  which  electrocardiograms 
parallel  in  a  striking  fashion  those  seen  in  experiments.  Attention  is 
directed  to  eight  similar  cases  in  the  literature. 

3.  If  the  refractory  period  of  the  right  or  left  branch  of  the  atrio- 
ventricular bundle  is  longer  than  the  refractory  period  of  the  A-V  node, 
conduction  through  that  branch  is  delayed  provided  the  rate  of  impulse 
discharge  from  the  ventricular  pacemaker  be  sufficiently  high.  Digitalis 
may  directly  lengthen  the  refractory  periods  of  the  individual  branches 
to  a  degree  sufficient  to  produce  delay  in  branch  conduction. 
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STUDIES     ON     THE     PHYSIOLOGY     OF     THE     LIVER 

III.       THE     EFFECT     OF     ADMINISTRATION     OF     GLUCOSE     IN     THE 
CONDITION    FOLLOWING   TOTAL   EXTIRPATION   OF    THE   LIVER  * 

FRANK    C.    MANN,     M.D.,    and    THOAIAS     BVRD     MAGATH.     M.D. 

ROCHESTER,      MINN. 

In  previous  studies  on  th.e  ])h\sioIcgy  of  the  liver,'  a  method  of 
total  extirpation  of  that  organ  and  the  effect  of  the  removal  on  the 
sugar  in  the  blood  were  recorded.  Since,  following  removal  of  the  liver 
the  decrease  in  the  blood  sugar  coincided  so  exactly  with  the  develop- 
ment of  the  characteristic  symptoms  associated  with  the  moribund 
condition,  it  w^as  deemed  highly  possible  that  a  causal  relationship 
existed  between  the  two.  An  investigation  was  made,  therefore,  of 
the  effect  of  the  administration  of  glucose  on  animals  in  which  the 
liver  had  been  removed. 

In  order  to  obtain  the  normal  blood  sugar  value,  a  specimen  of 
blood  was  taken  from  the  jugular  vein  of  a  dog  in  which  the  first  two 
stages  of  the  operation  had  been  completed.  The  liver  was  then 
removed  conmpletely  in  the  manner  previously  described,  and  close 
observations  made.  In  many  of  the  experiments  the  dog  was  allowed 
to  develop  the  characteristic  symptoms,  and  glucose  was  injected  intra- 
venously. In  other  experiments  the  glucose  was  administered  either 
by  OS,  by  rectum,  by  jejunostomy,  by  continuous  intravenous  injection, 
or  intraperitoneally  immediately  after  hepatectomy;  the  general  con- 
dition of  the  animal  and  its  blood  sugar  were  noted  carefully. 

The  Effect  of  the  hitravenous  Injection  of  Glucose. — The  eft'ect  of 
intravenous  injection  of  glucose  on  an  animal  dying  from  the  removal 
of  the  liver  is  one  of  the  most  remarkable  physiologic  phenomena 
we  have  ever  observed.  The  animal,  comatose  and  perfectly  flaccid, 
apparently  unable  to  contract  any  muscle,  except  the  diaphragm,  is 
restored  immediately  to  a  seemingly  normal  condition  by  the  injection 
of  from  0.25  to  0.5  gm.  glucose  for  each  kilogram  of  body  weight. 
We  have  seen  such  animals  stand  thirty  seconds  after  the  injection 
of  glucose,  walk,  respond  to  call,  wag  their  tails,  drink  water,  and  so 
forth,  in  less  than  one  minute  from  the  time  they  had  been  perfectly 
flaccid.  If  the  animal  is  allowed  to  develop  the  convulsions,  which 
are  quickly  followed  by  death  when  untreated,  the  results  are  even 


*  From  the  Division  of  Experimental  Surgery  and  Pathology,  The  Mayo 
Foundation,  and  the  Section  on  Clinical  Laboratories,  Mayo  Clinic. 

1.  Mann,  F.  C :  Studies  on  the  Physiology  of  the  Liver.  L  Technic  and 
General  Effects  of  Removal,  Am.  J.  M.  Sc.  161:37  (Jan.)  192L  Alann,  F.  C.  and 
Magath,  T.  B. :  The  Effect  of  Total  Removal  of  the  Liver,  Tr.  Sect.  Path.  & 
Phvsiol.,  A.  :M.  a.,  1921,  p.  29. 
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more  striking.  The  convulsions  stop  immediately,  consciousness  returns, 
and  in  a  minute  or  two  the  animal  walks  around  normally.  Restoration 
to  normal  is  usually  possible  by  the  injection  of  glucose  at  any  stage 
of  the  moribund  condition  until  the  heart  has  actually  stopped.  We 
have  restored  an  animal  after  the  cessation  of  respiration  by  maintain- 
ing artificial  respiration  until  the  glucose  could  be  injected. 
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Fig.  1. — O:  Time  of  removal  of  liver.  D:  Time  of  death.  The  first  curve 
represents  the  average  length  of  life  in  the  average  untreated  hepatectomized 
animal.  The  curve  was  constructed  and  the  averages  obtained  from  six  animals 
dying  from  results  of  uncomplicated  hepatectomy.  The  second  curve  rep- 
resents the  length  of  life  following  removal  of  the  livers  of  various  animals 
after  the  administration  of  glucose.  Note  the  great  increase  in  length  of  life 
due  to  the  glucose  administered. 


Immediately  after  the  injection  of  glucose,  the  blood  sugar  reaches 
a  very  high  level;  at  first  it  decreases  quickly,  then  falls  more  slowly. 
As  the  level  again  becomes  low,  the  typical  symptoms  reappear.  The 
time  this  occurs  after  injection  depends  on  many  factors.  Some  of 
these  are:  the  amount  of  glucose  injected,  whether  the  animal  is  active 
or  quiet,  and  whether  or  not  it  is  kept  warm.  Restoration  of  the 
animal  from  the  comatose  condition  can  be  repeated  many  times  by  the 
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Fig.  2. — O  :  Point  of  removal  of  liver.  S  and  D  re.spectivelj' :  Development 
of  symptoms  and  death.  The  first  curve  represents  the  blood  sugar  after  the 
administration  of  glucose  by  rectum  for  many  hours.  Absorption  was  not  suffi- 
cient to  maintain  correct  blood  sugar  level  and  glucose  also  was  given  intrave- 
nously for  the  last  eight  hours  of  the  experiment.  The  second  curve  represents  the 
blood  sugar  after  the  administration  of  glucose  through  a  jejunostomy,  and  the 
blood  sugar  level  was  maintained.  The  third  curve  represents  the  blood  sugar 
level  during  the  administration  of  glucose  orally  and  the  blood,  sugar  level  was 
maintained  throughout  the  experiment.  The  fourth  curve  represents  the  blood 
sugar  without  the  administration  of  glucose  until  the  animal  had  developed  the 
first  symptoms  when  it  was  given  intravenously.  The  fifth  curve  illustrates  the 
average  course  of  blood  sugar  following  removal  of  the  liver.  Note  the  increase 
in  the  length  of  life  when  the  blood  sugar  level  was  maintained  at  normal  or 
above  normal. 
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injection  of  glucose.  In  each  instance,  its  clinical  condition  exactly 
coincides  with  the  blood  sugar  level.  Finally,  however,  usually  after 
many  restorations,  it  may  be  noted  that  the  same  amount  of  glucose 
does  not  maintain  the  animal  in  a  normal  condition  for  so  long  a  time 
and  the  characteristic  symptoms  develop  at  a  higher  blood  sugar  level. 
The  Character  of  the  Symptoms  that  Develop  zmtli  a  High  Blood 
Sugar  Level  After  the  Administration  of  Glucose. — At  this  stage  of 
the  experiment  another  condition  develops  and  other  symptoms  appear. 
These  differ  with  different  animals.  In  some  experiments  the  animal 
suddenly  becomes  comatose  and  remains  so  for  a  variable  period, 
usually  not  more  than  an  hour,  and  dies   suddenly  and  quietly.     In 
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Fig.  3. — The  first  curve  shows  the  average  change  in  blood  sugar  following 
removal  of  the  liver.  The  second  curve  shows  the  gradual  decrease  in  blood 
sugar  of  a  dog  kept  very  quiet  after  operation  and  artificial  heat  applied. 
O :  Liver  removed.  Si :  Animal  moribund ;  0.125  gm.  glucose  for  each  kilogram 
of  body  weight  was  injected.  This  barely  increased  the  blood  sugar  but 
restored  the  animal  so  that  it  could  walk.  This  is  the  minimal  amount  of 
glucose  which  will  produce  a  reaction  when  the  animal  is  moribund. 


Other  experiments  the  symptoms  are  similar  to  those  following  excessive 
feeding  of  meat  to  animals  with  Eck  fistulas.  The  animal  is  at  first 
quite  restless,  ataxia  then  appears,  and  sight  and  hearing  are  lost. 
Coma  develops  and  death  is  sudden  and  quiet.  Anuria  tisually  accom- 
panies this  second  moribund  condition;  the  blood  sugar  level  may  be 
high  and  the  injection  of  glucose  is  without  beneficial  effect. 

The  clinical  appearance  of  the  condition  associated  with  low  blood 
sugar  and  that  with  high  blood  sugar,  is  quite  different.  There  is  no 
difficulty  in  noting  when  the  second  condition  is  de\eloping,  but  the 
rate  at  which  it  develops  cannot  be  anticipated  as  it  can  in  the  first 
condition  which  is  associated  with  a  decrease  in  blood  sugar.  The 
cause  of  the  second  condition  has  not  been  determined,  but  it  seems 
to  be  dependent  on  some  change  in  metabolism  other  than  carbohydrate. 
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The  Effect  of  Administration  of  Glucose  by  Continuous  Intra- 
venous Injection,  Through  the  Alimentary  Tract  and  Intraperitoneally. 
— In  some  experiments,  before  the  blood  sugar  had  decreased  to  a 
low  level  and  before  symptoms  occurred,  glucose  was  injected  slowly 
and  at  a  fairly  uniform  rate  with  a  continuous  injection  machine.  In 
this  manner  the  blood  sugar  level  was  kept  normal  or  slightly  above 
normal.  The  first  group  of  symptoms  never  developed  in  these  animals, 
but  after  from  eighteen  to  twenty-four  hours,  the  second  group  devel- 
oped and  the  animals  died. 

In  one  series  of  experiments,  an  attempt  was  made  to  maintaia  the 
normal  blood  sugar  level  by  the  injection  of  glucose  into  the  rectum. 
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Fig.  4. — O :  Liver  removed.  Blood  sugar  which  was  rather  low  before 
operation  decreased  immediately  and  three  hours  after  it  was  only  0.04.  S. :  The 
animal  was  moribund;  it  was  restored  to  normal  by  the  injection  of  0.25  gm. 
glucose  for  each  kilogram  of  body  weight.  S2:  After  one  hour  when  it  was 
necessary  to  repeat  the  injection.  S3:  Injection  again  repeated.  Si:  At  the 
end  of  the  next  hour  symptoms  developed  and  0.25  gm.  maltose  for  each  kilo- 
gram of  body  weight  was  injected.  The  maltose  restored  the  animal  in  exactly 
the  same  manner  as  the  glucose,  except  that  the  period  of  recovery  was  slower. 
Note  the  uniform  rise  in  blood  sugar  following  glucose  injection,  and  that 
0.25  gm.  for  each  kilogram  of  body  weight  appeared  to  last  one  hour. 


In  this  we  were  only  partially  successful,  because  in  many  instances 
a  considerable  amount  of  injected  fluid  was  rejected.  However,  the 
blood  sugar  level  remained  higher  and  the  first  group  of  symptoms 
appeared  later  than  in  animals  not  given  glucose.  In  some  cases  enough 
glucose  was  absorbed  so  that  the  first  group  of  symptoms  did  not 
develop  but  the  animals  died  in  from  eighteen  to  twenty-four  hours 
following  the  development  of  the  second  group  of  symptoms. 

In  some  experiments  the  glucose  was  given  by  mouth,  a  few  cubic 
centimeters  of  a  weak  solution,  for  example  10  per  cent,  administered 
every   few  minutes  beginning  as  soon  as  the  animal  recovered   from 
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the  immediate  effects  of  the  operation.  These  experiments  were  very 
successful  so  far  as  keeping  the  animal  alive  was  concerned.  In  most 
cases  the  blood  sugar  was  maintained  at  a  normal  level  and  the  animal 
never  developed  the  first  group  of  symptoms,  but  died  after  the  appear- 
ance of  the  second  group.  By  a  combination  of  oral  and  intravenous 
administration  we  were  able  to  keep  an  animal  alive  thirty-four  hours 
after  complete  removal  of  the  liver. 

The  chief  difficulty  encountered  with  the  oral  administration  was 
that  the  operative  trauma  sometimes  interfered  with  the  emptying 
of  the  stomach  so  that  most  of  the  glucose  did  not  pass  into  the  intestine 
where  it  could  be  absorbed.  To  obviate  this  a  jejunostomy  w'as  made 
in  some  experiments  at  the  time  the  liver  was  removed.  The  adminis- 
tration of  glucose  through  a  jejunostomy  tube  was  the  most  satisfactory 
method  used.  We  were  able  also  to  keep  the  blood  sugar  level  normal 
by  the  intraperitoneal  injection  of  glucose. 

The  Constancy  of  the  Effect  of  Glucose. — We  observed  the  resus- 
citating action  of  glucose  administered  intravenously,  more  than  200 
times  in  about  forty  hepatectomized  animals.  It  never  failed  to  restore 
to  normal  an  animal  that  had  developed  the  group  of  symptoms  asso- 
ciated with  low  blood  sugar.  Further  we  administered  glucose  to 
twenty-five  hepatectomized  animals  by  the  other  methods  mentioned, 
and  in  none  in  which  we  were  successful  in  maintaining  a  normal 
blood  sugar  value  or  a  hyperglycemia,  did  the  first  characteristic  group 
of  symptoms  develop. 

The  Effect  of  Other  Substances  Administered. — We  attempted  to 
determine  whether  the  restorati\e  action  of  glucose  in  the  moribund 
condition  following  hepatectomy  was  specific.  For  this  purpose  a  wide 
A'ariety  of  substances  w'hich  would  seem  to  give  some  promise  of  having 
a  related  action,  were  tested  in  the  same  manner  and  in  amounts  which 
seemed  to  correspond  to  the  amount  of  glucose  necessary  to  restore 
the  hepatectomized  animal  to  normal.  The  following  substances  tested 
were  found  not  to  have  a  restorative  action : 

Saccharose;  lactose;  levulose;  inulin ;  sodium  chlorid;  sodium 
sulphate ;  sodium  carbonate  ;  sodium  bicarbonate  ;  ethyl  alcohol ;  glycerol ; 
lactic  acid  (racemic)  ;  acetic  acid;  hydrochloric  acid;  pyruvic  acid; 
epinephrin  ;  pituitary  extract ;  glycocoll. 

Only  four  substances  were  found,  besides  glucose,  which  had  a 
beneficial  action  when  injected  into  the  moribund  animal  with  a  low 
blood  sugar  following  removal  of  the  li\er.  These  are  maltose, 
mannose,  dextrin  and  galactose. 

The  action  of  maltose  is  somewhat  cumulative.  When  it  is  first 
injected  in  an  animal  with  the  characteristic  symptoms  following 
hepatectomy,  the  recovery  is  very  slow  but  complete.  Ten  minutes 
may  elapse  between   the  time  of   injection  and  the   time   the   animal 
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can  walk,  whereas  when  glucose  is  injected  recovery  is  usually  complete 
in  from  one  to  four  minutes.  When  the  animal  becomes  moribund 
again  and  maltose  is  again  injected,  the  recovery  is  much  faster  than 
after  the  first  injection.  Mannose  produces  a  response  similar  to 
maltose.  Dextrin  produces  a  definite  but  very  slight  beneficial  action. 
The  animal   will   probably   regain  consciousness  and  muscle  tone   but 


Fig.  5. — A:  .\nimal  just  preceding  total  removal  of  the  liver.  Two  previous 
operations  have  been  performed:  (1)  A  reverse  Eck  fistula;  (2)  ligation  of 
the  portal  vein.     Blood  sugar  at  this  time.  0.10  per  cent. 

B.  Animal  one  hour  after  removal  of  the  liver  and  less  than  two  hours 
after  the  photograph  shown  in  A.     Note  that  the  animal  appears  normal. 

C.  Animal  moribund,  six  and  one-half  hours  following  the  total  removal  of 
the  liver.  The  animal  flaccid,  with  a  few  muscular  twitchings.  Without  treat- 
ment this  animal  would  probably  have  been  dead  within  another  hour.  Blood 
sugar  at  this  time,  0.05  per  cent. 

D.  Animal  four  minutes  after  the  injection  of  glucose  and  five  minutes 
after  the  picture  shown  in  C.    The  animal  again  appears  normal. 


will  not  be  able  to  stand  when  dextrin  is  injected.  The  beneficial  action 
of  galactose  is  so  slight  and  transient  that  it  would  scarcely  be  noted 
unless  the  animal  were  under  the  strictest  observation.  While  we  have 
not  determined  why  certain  substances  are  beneficial  in  the  restoration 
of  an  hepatectomized  animal  to  normal  it  should  be  noted  that  maltose 
is  supposed  to  be  converted  into  glucose  in  the  blood  stream.  If 
this  is  true,   it   explains  the  beneficial  efifect   of   maltose   on  hepatec- 
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tomized  dogs,  and  the  release  of  excess  maltose  in  the  blood  after  the 
first  injection  explains  the  better  and  more  prompt  effect  of  the  second. 
We  suggest  that  mannose  also  may  be  changed  into  glucose  in  the 
blood  stream.  The  beneficial  etlect  of  dextrin  may  be  explained  on 
the  basis  that  it  contains  maltose  and  glucose  as  impurities. 

The  Amount  of  Glucose  Necessary  to  Restore  the  Animal  to 
Normal. — While  there  has  been  individual  variation  in  the  reaction 
of  the  hepatectomized  animal  to  various  amounts  of  glucose,  in  general 
the  quantitative  relationship  has  been  constant.  The  smallest  amount 
of  glucose  which  will  produce  a  definite  beneficial  action  in  the  moribund 
hepatectomized  dog  is  0.125  gm.  for  each  kilogram  of  body  weight. 
Smaller  amounts  than  this  usually  do  not  produce  noticeable  effects, 
or  produce  questionable  effects.  One-eighth  gram  of  glucose  for 
each  kilogram  of  body  weight  restores  the  animal  to  consciousness 
and  enables  it  to  stand,  but  not  to  regain  its  normal  strength,  and  in  a 
short  time,  from  fifteen  to  thirty  minutes,  the  comatose  condition 
returns.  When  0.25  gm.  of  glucose  for  each  kilogram  of  body  weight 
is  injected,  the  recovery  is  prompt  and  complete.  In  our  routine  work 
we  found  that  0.5  gm.  of  glucose  for  each  kilogram  of  body  weight 
was  the  most  satisfactory  amount. 

The  Amount  of  Glucose  Necessary  to  Maintain  the  Animal  in  a 
Normal  Condition. — The  amount  of  glucose  to  keep  the  hepatectomized 
animal  normal  is  subject  also  to  individual  variation,  but  on  the  whole 
is  constant.  In  the  average  animal,  kept  quiet  in  a  warm  room,  0.25 
gm.  glucose  for  each  kilogram  of  body  weight  maintains  it  for  one 
hour.  If  the  animal  is  flaccid  and  0.25  gm.  for  each  kilogram  of  body 
weight  is  injected  intravenously,  the  animal  will  be  restored  to  normal 
and  will  not  need  another  injection  for  about  an  hour.  Our  routine 
injection  of  0.5  gm.  glucose  for  each  kilogram  of  body  weight  usually 
was  sufficient  to  maintain  the  animal  for  two  hours.  The  effect  of 
various  experimental  procedures,  activity,  and  cold,  often  make  it 
necessary  to  repeat  the  injections  more  frequently. 

The  General  Effects  of  the  Glucose  Injection. — The  symptoms  asso- 
ciated with  the  decreasing  blood  sugar  following  hepatectomy  seem  to 
show  that  at  first  there  is  a  depression  and  later  a  stimulation  of  the 
central  nervous  system.  We  have  not  as  yet  determined  definitely  the 
nature  of  this  process  or  the  component  parts  of  the  nervous  system 
acted  on.  In  any  event  the  injection  of  glucose  abolishes  completely  all 
symptoms  referable  to  the  nervous  system. 

The  effect  of  glucose  injection  on  blood  pressure  depends  on  the 
condition  of  the  latter  at  the  time  of  injection.  If  the  pressure  is 
almost  normal,  as  it  is  at  the  beginning  of  an  experiment,  the  glucose 
causes  but  slight  effect.  If  the  pressure  is  low  as  occurs  after  an 
animal  has  been  restored  many  times,  the  glucose  causes  a  distinct  rise 
in  pressure. 
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The  heart  rate,  which  is  usually  very  rapid  after  hepatectomy,  may 
become  slower  when  the  blood  sugar  is  very  low.  When  the  animal 
has  developed  well  marked  symptoms,  it  is  usually  irregular.  The 
injection  of  glucose,  regardless  of  the  rate  of  heart  beat  produces  a 
beneficial  action,  making  it  stronger  and  more  regular.  Electrocardio- 
graphic tracings  ha\e  shown  no  change  either  when  the  animal  was 
flaccid  or  after  recovery  following  glucose  injection. 

In  many  of  the  experiments  the  irregularity  of  the  respiration  is 
marked.  Following  the  glucose  injection  the  respiratory  movements 
return  to  normal. 

The  general  temperature  curve  is  downward  throughout  the  course 
of  an  experiment.  In  some  instances  when  this  factor  was  observed 
closely,  it  rose  slightly  following  glucose  injection.  In  most  experi- 
ments, the  more  rapid  decrease  in  temperature  occurred  while  the 
animal  was  moribund. 

DISCUSSION 

The  explanation  of  the  decrease  in  blood  sugar  following  hepatec- 
tomy and  of  the  remarkable  restorative  action  of  glucose  when  the 
animal  seemed  to  be  dying,  is  probably  the  same.-  The  chief  possibil- 
ities in  regard  to  this  explanation  were  discussed  in  a  previous  paper.^ 
Our  further  investigations  enable  us  to  elaborate  on  this  discussion. 

In  view  of  the  current  idea  that  the  liver  is  of  great  importance 
in  regulating  the  reaction  of  the  blood  it  was  conceived  that  the  removal 
of  the  organ  might  produce  a  condition  either  of  alkalosis  or  acidosis, 
and  that  the  glucose  acted  in  some  way  to  restore  the  hydrogen  ion 
content  of  the  blood.  However,  we  have  never  found  suf^cient  change 
in  the  hydrogen  ion  concentration  or  the  carbon  dioxid  combining 
power  of  the  blood  at  the  time  the  first  group  of  symptoms  developed 
to  warrant  such  a  consideration.  Furthermore,  the  injection  of  both 
acids  and  alkalis  make  the  condition  worse. 

The  action  of  glucose  may  also  be  explained  by  its  osmotic  power 
of  changing  the  fluid  concentration  of  the  body  cells  and  the  composi- 
tion and  volume  of  the  blood,  thus  washing  out  and  diluting  toxic 
substances  which  developed  in  the  cells  because  of  the  absence  of  the 
liver.  That  this  is  not  the  manner  by  which  glucose  produces  the 
remarkable  efifect  is  proved  amply  by  the  fact  that  other  substances 
having  even  greater  osmotic  strength,  such  as  hypertonic  solutions 
of  sodium  sulphate  and  sodium  chlorid.  do  not  produce  beneficial 
action  when  injected  in  large  amounts.  The  injection  of  other  sugars 
such  as  levulose,  saccharose,  and  lactose  is  of  no  value,  while  a  weak 


2.  Mann,  F.  C,  and  Magath,  T.  B. :  Studies  on  the  Physiology  of  the  Liver. 
II.  Effect  of  Removal  of  the  Liver  on  the  Blood  Sugar  Level,  Arch.  Int  Med. 
30:73  (July)   1922. 
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solution  of  glucose  restores  to  normal.  A  simpler  explanation  and  one 
which  agrees  with  most  of  our  definitely  proved  facts,  is  as  follows: 

When  the  liver  is  removed  a  considerable  proportion  of  the  glucose 
storage  capacity  and  the  mechanism  for  elaboration  of  glucose  is 
destroyed.  The  tissues  use  the  sugar  in  the  blood  which  for  a  variable 
period  is  partially  maintained  by  the  transformation  into  glucose  of  the 
available  glycogen  in  the  muscles.  As  the  tissues  utilize  the  glucose 
faster  than  it  can  be  liberated  from  the  muscles,  blood  sugar  decreases 
as  soon  as  the  liver  is  removed.  When  the  blood  sugar  has  decreased 
below  a  certain  amount,  the  concentration  in  the  cells  of  the  body 
becomes  too  low  to  maintain  the  normal  cellular  metabolism.  This 
leads  to  the  development  of  the  characteristic  symptoms  described. 
The  injection  of  glucose  furnishes  another  food  supply  and  cellular 
metabolism  returns.  While  this  is  the  most  simple  explanation  of 
our  facts,  the  final  explanation  will  depend  on  the  correlation  with  this 
of  many  other  factors,  for  example  the  suddenness  of  the  decrease 
in  blood  sugar. 

The  central  nervous  system  seems  to  be  early  and  markedly  affected 
by  the  decrease  in  blood  sugar.  While  the  entire  phenomenon  which 
we  have  been  studying  can  be  referable  to  an  effect  on  the  central 
nervous  system,  at  present  it  seems  best  to  consider  it  a  general  bodily 
reaction. 

SUMMARY 

The  total  removal  of  the  liver  is  followed  by  a  definite  and  progres- 
sive decrease  in  blood  sugar.  Coordinate  with  this  decreasing  blood 
sugar,  a  characteristic  group  of  symptoms  develops.  If  glucose  in 
suitable  amounts  is  injected  intravenously  into  an  animal  exhibiting 
these  characteristic  symptoms,  it  is  immediately  restored  to  normal. 
If  glucose  is  administered  so  that  the  blood  sugar  does  not  decrease, 
the  symptoms  do  not  develop. 
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STUDIES    OF     CEREBROSPINAL    FLUID    AND    BLOOD 
OF    SYPHILITIC    AND    NORMAL    PERSONS 

WITH     SPECIAL     REFERENCE     TO     THE     IMMUNITY     REACTIONS     AND 

THE     COLLOIDAL     GOLD     TEST     ON     THE     ORIGINAL     AND 

ULTRAFILTERED     FLUIDS    AND     SERUMS  * 

CHARLES    E.    XIXOX,    M.D.,    and    KOICHI    XAITO.    M.D. 

MINNEAPOLIS 

The  investigations  reported  in  this  paper  have  to  do  with  various 
chemical,  physical  and  immunologic  studies  of  the  cerebrospinal  fluid 
and  blood  of  syphilitics  and  nonsyphilitics  and,  also,  with  the  factors 
concerned  in  the  colloidal  gold  and  the  Wassermann  reactions.  The 
experiments  fall  more  or  less  into  two  groups  and  so,  for  convenience 
in  discussion,  we  have  divided  our  paper  into  two  parts:  I.  Ultra- 
filtration of  Syphilitic  Serum ;  II.  The  Substances  Concerned  in  the 
Colloidal  Gold  Test  and  the  Nature  of  the  Reaction. 

L'ltrafiltration    of    Syphilitic    Serum 
Part    I 

I.     INTRODUCTION 

The  nature  of'  the  active  substance  concerned  in  the  Wassermann 
reaction  has  been  discussed  by  many  authors  and  numerous  theories 
have  been  advanced  as  to  the  nature  of  this  substance.  Citron  and 
Reicher  ^  regarded  it  to  be  of  a  lipoid  nature.  Berczeller  and  Schil- 
linger  -  extracted  syphilitic  serum  by  ether  and  alcohol.  The  Wasser- 
mann reaction  on  the  serum  was  weakened  after  extraction  by  ether  but 
the  Wassermann  reaction  was  negative  on  the  extract  itself. 


*  From  the  Division  of  Xervous  and  Mental  Diseases  and  the  Department 
of  Physiological  Chemistry,  University  of  Minnesota,  Minneapolis.  This  work 
was  done  under  a  grant  from  the  United  States  Interdepartmental  Social 
Hygiene  Board.  We  are  indebted  to  Dr.  J.  F.  McClendon  for  many  valuable 
suggestions  and  criticisms  and  to  Dr.  S.  Marx  White  for  unfailing  interest  and 
advice  in  the  course  of  the  work  and  the  preparation  of  the  paper. 

*  Part  of  the  work  presented  in  this  paper  was  submitted  as  a  thesis  to  the 
faculty  of  the  Graduate  School  of  the  University  of  Minnesota,  in  partial  ful- 
fillment of  the  requirements  for  the  degree  of  Doctor  of  Philosophy  in  Xervous 
and  Mental  Diseases.  1921.     (C.  E.  X.) 

1.  Citron  and  Reicher :  Cited  from  Kolle  and  Wassermann.  Handbuch  der 
pathogenen  Microorganismen   7:972.   1913. 
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Wassennann  -^  divided  the  Wassermann  reaction  active  substance 
into  two  parts.  One  of  the  parts  was  soluble  in  alcohol  and  the  other 
was  soluble  in  water.  The  former  had  a  lipoid  character  and  the 
latter  contained  protein.  The  Wassermann  reaction  on  the  alcoholic 
soluble  substance  was  negative.  The  reaction  of  the  mixture  of  the 
alcohol  soluble  substance  and  the  water  soluble  substance  was  positive. 
The  Wassermann  reaction  on  the  water  soluble  substance  itself  was 
positive.  Schmidt  *  claimed  that  the  Wassermann  reaction  active  sub- 
stance was  a  globulin.  According  to  this  author  the  Wassermann 
reaction  was  also  positive  on  globulin  from  normal  serum  but  Bauer 
and  Hirsch  ^  stated  that  the  reaction  was  only  positive  on  globulin 
from  strong  positive  serum. 

According  to  Felke/'  the  Wassermann  reaction  was  positive  on 
albumin  and  he  considered  albumin  to  be  the  reaction  substance.  He 
separated  globulin  from  albumin  by  hydrochloric  acid  but  as  globulin 
cannot  be  quantitatively  precipitated  by  acid  '  some  globulin  must, 
therefore,  remain  in  the  albumin  fraction. 

Scheer  ^  filtered  syphilitic  milk  and  syphilitic  serum  by  ultrafiltration 
(3  per  cent,  filtered).  He  found  the  Wassermann  reaction  to  be 
negative  on  these  ultrafiltrates.  Egerer  ^  found  the  ultrafiltrates  of 
syphiHtic  serums  and  spinal  fluids  to  give  weaker  colloidal  gold  reac- 
tions than  the  originals. 

In  our  experiments,  syphilitic  serum  was  filtered  by  the  ultrafilter 
and  the  Wassermann  reaction  was  done  in  the  filtrates.  The  Wasser- 
mann reaction  was  also  done  on  the  globulin  and  albumin  from  normal 
and  syphilitic  serum,  and  the  filtrability  of  globulin  in  syphilitic  serum 
was  compared  with  that  in  the  normal  serum.  The  globulin  and 
albumin  content  of  normal  and  syphilitic  serum  was  estimated. 

II.     METHODS 

A.  Ultrafiltration. — The  apparatus  for  the  ultrafiltration  experi- 
ments was  the  one  constructed  for  the  experiments  done  by  Egerer  ^ 
and  was  of  the  type  described  by  Bechhold.^^  The  inside  of  the 
apparatus  was  coated  with  tin  and  the  net  under  the  filter  was  coated 
with  gold.  This  was  done  at  the  suggestion  of  Dr.  Larson  when  we 
found  that  we  were  getting  anticomplementary  reactions  on  the  filtrates. 

3.  Von  Wassermann,  A.:  Neue  experimcntclle  Forschnngen  ueber  Svphilis. 
Berl.  klin.  Wchnschr.  58:193,  1921. 

4.  Schmidt:    Ztschr.  f.  Hyg.  69:513,  1911. 

5.  Bauer  and  Hirsch:   Wien.  klin.  Wchnschr.  25:155.  1912. 

6.  Felke.  H. :  Die  Rolle  der  Albumine  und  Globuline  bei  der  Wasser- 
mannschen  Reaktion,  Miinchen.  med.  Wchnschr.  68:1597,  1921. 

7.  Hoppe-Seyler's  Handbuch  der  Analyse,  p.  406. 

8.  Scheer,  K. :  Untersuchungen  iiber  die  Sachs-Georgische  Reaktion  mit 
Milch  luetischer  Frauen,  Ztschr.  f.  Immunitatsforschung  30:178,  1920. 

9.  Egerer :    To  be  published. 

10.  Bechold.   H. :     Ultrafiltration.   Biochem.   Ztschr.   6:379.    1907. 
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Forty  or  fifteen  pounds  of  pressure  was  used  to  filter  the  serum 
according  to  whether  a  5  or  3  per  cent,  coating  was  used  in  the  ultra- 
filtration. Gun  cotton  was  dried  in  the  desiccator  for  a  few  weeks 
before  the  preparation  of  the  collodium  solution. 

B.  The  Wassermann  Reaction}'^ — 1.  Amoceptor:  A  rabbit  was 
injected  intravenously  with  1  c.c.  of  sheep  blood  cell  suspension  every 
other  day,  five  times  in  all.  The  rabbit  was  bled  one  week  after  the 
last  injection  and  the  hemolytic  power  of  the  serum  was  titrated. 
One-tenth  cubic  centimeter  of  the  serum  in  the  dilution  (5  c.c.  serum 
in  12  c.c.  salt  solution)  was  just  enough  to  hemolyze  0.5  c.c.  blood 
cell  suspension  with  0.06  c.c.  guinea-pig  serum  in  dilution  (1  c.c. 
serum  in  10  c.c.  salt  solution). 

2.  Antigen :  Twenty  grams  of  human  heart  was  put  into  100  c.c. 
of  absolute  alcohol  for  ten  days.  Ten  cubic  centimeters  of  this  extract 
was  mixed  with  9  c.c.  salt  solution.  Four  drops  of  0.4  per  cent, 
alcoholic  solution  of  cholesterin  was  added  to  the  extract  solution. 
One-tenth  cubic  centimeter  of  the  antigen  solution  was  used  in  the 
test. 

3.  Sheep  Blood  Cells :  Sheep  blood  was  defibrinated  by  stirring 
with  sterile  wood  sticks.  The  defibrinated  blood  was  filtered  by  cotton 
and  it  was  centrifugalized  and  washed  with  salt  solution.  This  was 
repeated  three  times.  One  cubic  centimeter  of  blood  cells  was  sus- 
pended in  60  c.c.  of  1.7  per  cent,  salt  solution,  and  0.5  c.c.  of  this 
suspension  was  used,  for  the  test. 

4.  Complement :  One  cubic  centimeter  guinea-pig  serum  was  put 
into  10  c.c.  of  salt  solution.  Two  minimum  hemoKtic  units  were  used 
for  the  test.  The  units  were  estimated  by  the  titration  with  amboceptor 
as  follows:  Of  the  guinea-pig  serum  diluted  as  stated,  0.03,  0.04, 
0.05,  0.06,  0.07,  0.08,  0.09  and  0.1  c.c,  respectively,  was  put  into  eight 
small  test  tubes  and  1.5  c.c.  salt  solution,  0.5  c.c.  blood  cell  suspension 
and  0.1  c.c.  amboceptor  serum  was  added  to  every  tube.  The  tubes 
were  left  in  the  incubator  at  2)7  C.  for  one  hour.  The  minimum 
hemolytic  unit  of  the  complement  solution  was  determined  by  the 
amount  necessary  for  complete  hemolysis. 

5.  Wassermann  Test  Proper :  The  serum  to  be  tested  was  left  in 
the  thermostat  at  65  C.  for  thirty  minutes.  One  drop  of  blood  serum 
to  be  tested  was  put  into  the  mixture  of  1.5  c.c.  salt  solution,  0.1  c.c. 
antigen  and  two  minimum  hemolytic  units  of  complement.  This  was 
left  in  the  incubator  at  37  C.  for  one  hour.  After  this  period  0.1  c.c. 
of  the  amboceptor  solution  and  0.5  c.c.  of  the  blood  cell  suspension 
was  added  to  the  mixture  and  it  was  kept  in  the  incubator  at  Z7  C. 


11.  We  are  indebted  to  Dr.  Larson,  head  of  the  department  of  Bacteriologv', 
for  the  various   reagents  used  in  the  Wassermann  test. 
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for  one  hour  again.  Two  control  tests  were  made  at  the  same  time. 
One  of  them  containing  the  hemolytic  system  and  the  antigen,  but 
without  the  serum  to  be  tested;  the  other  control  consisted  of  the 
hemolytic  system  with  neither  antigen  nor  serum  to  be  tested.  The 
tubes  with  the  test,  which  were  to  be  used  for  the  test,  were  then 
centrifugalized.  The  degree  of  hemolysis  was  compared  with  the 
standard  solution  of  hemoglobin. 

This  standard  solution  of  hemoglobin  was  made  by  mixing  0.1, 
0.2,  0.3,  0.4  and  0.5  c.c.  of  blood  cell  suspension,  which  was  used  for 
the  Wassermann  test,  respectively,  with  1.4,  1.3,  1.2,  1.1  and  1  c.c.  of 
distilled  water.  The  amount  of  hemoglobin  in  the  last  tube  (0.5  c.c. 
blood  cell  suspension  in  1  c.c.  distilled  water)  is  equal  to  that  of  the 
test  when  complete  hemolysis  took  place  or  the  Wassermann  test  was 
absolutely  negative.  The  amount  of  hemoglobin  in  the  first  tube  (0.1 
c.c.  blood  cell  suspension  in  1.4  c.c.  distilled  water)  is,  therefore,  equal 
to  that  in  a  test  in  which  the  degree  of  hemolysis  is  one  fifth,  or  the 
Wassermann  reaction  is  80  per  cent,  positive,  and  the  dilutions  above 
give  comparisons  for  80,  60,  40  and  20  per  cent,  positive,  and,  as 
already  stated,  for  complete  negative,  i.  e.,  complete  hemolysis. 

6.  Salt  Solution :  Nine-tenths  per  cent,  sodium  chlorid  solution  of 
a  pH  7.4  was  used. 

7.  The  influence  of  the  H  ion  on  the  titration  of  complement  was 
investigated.     The  experimental  results  were  as  follows : 

The  influence  of  H  ion  concentrations  on  the  titration  of  comple- 
ment was  determined  by  changing  the  H  ion  concentrations  from  pn 
6.15  to  pH  8.4  with  sodium  bicarbonate. 

Salt  solution  of  varying  pu  was  used;  the  pn  of  the  blood  cell 
suspension  was  6.15  and  this  was  kept  constant  in  all  experiments. 
The  pH  of  the  medium  in  which  the  titration  of  complement  was  made 
is  that  of  the  mixture  of  the  salt  solution,  blood  cell  suspension, 
amboceptor  and  complement.  But  the  pa  which  is  noted  in  the  follow- 
ing table  is  that  of  the  mixture  of  salt  solution  and  blood  suspension. 

The  H  ion  concentration  of  the  solution  was  determined  by  the 
colorimetric  method.  A  phosphate  mixture  (of  primary  and  secondary 
phosphate)  and  borax  mixture  (a  mixture  of  borax  and  boric  acid) 
was  used  as  the  standard  solution.  Phenol  red  (pn  7.0  —  7.9),  thymol 
blue  (pn  8.0  —  9.0)  and  brom  cresol  purple  (pn  5.6  —  6.6)  were  used 
as  indicators. 

In  the  titration  were  used  1.5  c.c.  salt  solution  (0.9  per  cent.)  ; 
0.5  c.c.  of  1.7  per  cent,  blood  cell  suspension,  from  0.01  to  0.1  c.c.  of 
complement  (diluted  guinea-pig  serum,  1.0  c.c.  of  serum  plus  10  c.c.  of 
salt  solution)  and  0.1  c.c.  amboceptor  (diluted  immune  rabbit  serum, 
0.3  c.c.  serum  plus  12  c.c.  salt  solution). 
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The  effect  of  the  H  ion  concentration  on  the  complement  was 
determined  by  comparing  velocity  of  the  hemolysis.  The  velocity  of 
the  hemolysis  can  be  compared  by  measuring  the  amount  of  comple- 
ment by  which  the  hemolysis  was  completed  in  a  certain  time.  If  the 
amount  of  complement  necessary  to  make  the  hemolysis  complete  is 
smaller,  then  the  velocity  of  the  hemolysis  is  greater.  Therefore,  we 
cornpared  the  velocity  of  hemolysis  by  measuring  the  reciprocal  amount 
of  the  complement  by  which  the  hemolysis  was  completed  in  a  certain 
time.  Or,  more  accurately,  estimations  of  the  effect  of  H  ion  con- 
centration can  be  obtained  by  comparing  the  velocity  of  hemolysis  at 
various  intervals.  Therefore,  the  velocity  of  hemolysis  was  compared 
at  fifteen,  thirty,  forty-five  and  sixty  minutes.  The  sum  of  the  reciprocal 
amount  of  the  complement,  by  which  the  hemolysis  was  complete  in 
fifteen,  thirty,  forty-five  and  sixty  minutes  was  noted  as  the  figure 
which  is  proportional  to  the  velocity  of  the  hemolysis.  The  results 
are  noted  in  the  accompanying  tables. 

The  totals  of  the  reciprocal  amounts  of  complement  necessary  to 
complete  hemolysis  at  fifteen,  thirty,  forty-five  and  sixty  minutes  in  a 
group  of  three  experiments  are  shown  in  Table  4 ;  the  pn  varying  from 
6.15  to  8.4. 

The  velocity  in  the  same  experiments  at  sixty  minutes  alone  is 
shown  in  Table  5. 

CONCLUSIONS 

1.  If  we  compare  the  velocity  of  hemolysis  at  fifteen,  thirty,  forty- 
five  and  sixty  minutes,  the  velocity  at  pn  8.15  is  the  greatest  and  it 
decreases  in  both  directions  from  this  point. 

2.  If  we  compare  the  velocity  of  hemolysis  at  sixty  minutes  alone 
the  influence  of  pn,  except  at  pn  6.15  and  pn  8.4,  on  the  velocity  of 
hemolysis  is  not  so  remarkable,  as  compared  at  fifteen,  thirty  and 
forty-five  minutes. 

3.  Therefore,  if  the  titration  was  made  by  measuring  the  amount 
of  complement  by  which  the  hemolysis  was  complete  at  sixty  minutes, 
the  pn  of  the  solution  can  be  changed  between  6.5  and  8.15,  without 
making  any  notable  difference  on  the  results  of  the  test. 

C.  Estimation  of  Globulin  and  Albumin. — The  Ross-Jones  test  was 
used  in  making  the  globulin  determinations  and  the  nitric  acid  test  was 
used  for  noting  the  presence  of  albumin.  Before  the  nitric  acid  test 
was  made  on  the  serum,  the  serum  was  made  globulin  free  by  precipita- 
tion with  ammonium  sulphate  in  half  saturation  and  filtration.  The 
numbers  give  the  highest  dilution  of  the  serum  in  which  the  globulin 
or  albumin  test  was  positive,  and,  therefore,  are  proportional  to  the 
amounts  of  globulin  and  albumin  respectively. 
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TABLE   1. — Velocity   of  Hemolysis   With  pn   7.55  * 


15  minutes 
30  minutes 
4.T  minutes 
W  minutes 


Complement,  in  C.c. 


0.05 


0.05 


O.OT 


Hemolysis 
Hemolysis 
Hemolysis 
Hemolysis 


0.09 


+  =:  Complete  hemolysis;  ±  =  partial  hemolysis;  —  =  no  hemolysis. 

TABLE  2. — Velocity  of  Hemolysis  With  pn  8.15 


15  minutes 
30  minutes 
45  minutes 
'iO  minutes 


Hemolysis 
Hemolysis 
Hemolysis 
Hemolysis 


Complement,  in  C.c. 


0.02        0.03        0.04        0.05        0.06        O.OT        0.08        0.09         1.0 


-(- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

TABLE  3. — Velocity  of  Hemolysis  :   With  Reciprocal  Amount 

OF  Complement      1-  —  \ 

I  c  J 


15  minutes. 
3C  minutes. 
45  minutes. 
«0  minutes. 


Ph  7.55 

Ph  6.15 

0 

0 

14.2 

16.6 

16.6 

20.0 

25.0 

25.0 

TABLE  4. — Reciprocal  Amounts  of  Complement  Necessary 
to  Complete  Hemolysis 


Velocity  of  the  Hemolysis 

Experiment  1 

Experiment  2 

Experiment  3 


6.15 

6.5 

7.15 

7.55 

8.15* 

8.4 

67.2 

90.1 

90.1 

100.0 

104.6 

78.2 

80.4 

88.0 

91.2 

100.0 

127.8 

93.8 

73.8 

89.0 

89.0 

lOO.O 

140.7 

65.8 

TABLE  5. — Velocity  of  Hemolysis  at  Sixty  Minutes 


Ph 

Velocity  of  the  Hemolysis 

6.15 

6.5 

7.15 

7.55 

8.15 

8.4 

Experiment  1 

Experiment  2 

Experiment  3 

75.0 
855 
80.1 

100.0 

85.5 

100.0 

100.0 

85.5 

100.0 

100.0 
100.0 
100.0 

100.0 
lOO.O 
100.0 

60.0 

75.4 
66.8 

80.1 

95.1 

95.1 

lOO.O 

ICO.O 

67.4 
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For  example,  if  the  highest  dilution  of  serum  giving  a  positive 
globulin  test  was  1 :  400  and  the  highest  dilution  giving  an  albumin 
test  was  1 :  600,  then  the  ratio  of  globulin  to  albumin  would  be  as 
400:600. 

The  ratio  of  the  content  of  globulin  and  albumin,  which  is  shown 
in  Table  6,  is  not  the  same  as  the  actual  ratio  in  the  serum  because  the 
sensitivity  on  the  globulin  test  and  albumin  test  is  not  equal,  but  changes 
in  the  ratio  of  globulin  and  albumin  can  be  determined  by  this  method. 

D.  Diah'sis  of  Scniiii. — The  collodion  sac  was  used  for  the  dialysis 
experiments.  The  collodion  solution  was  made  by  dissolving  25  gm. 
collodion  in  500  c.c.  of  a  mixture  of  equal  parts  of  ether  and  alcohol. 

E.  Preparation  of  Globulin  and  Albumin. — Serum  was  dikited  one 
half  by  distilled  water  and  half  saturated  by  the  saturated  ammonium 
sulphate  solution.  The  precipitate  of  globulin  was  separated  from  the 
solution  by  centrifugation.  The  globulin  was  purified  of  salts  by 
dialysis  in  the  collodion  sac  in  running  tap  water  for  two  or  three  days. 
The  solution  containing  the  albumin  fraction  was  filtered  and  dialyzed 
in  the  same  way.  The  dialyzed  albumin  solution  was  filtered  again 
and  mixed  with  the  same  amount  of  1.8  per  cent,  salt  solution. 

The  globulin,  which  was  dialyzed,  was  dissolved  in  a  0.9  per  cent, 
salt  solution. 

III.     EXPERIMENTS 

1.  Wassermann  Reaction  on  Dialyzed  Serum,  Globulin  and  Albumin: 
The  Wassermann  reaction  was  done  on  the  dialyzed  serum,  globulin 
and  albumin.  The  positivity  of  the  Wassermann  reaction  of  the  serum 
increased  after  dialyzation  14,  100  and  200  per  cent.,  respectively,  in 
the  three  cases  of  four  experiments.  The  positivity  did  not  change  in 
one  experiment;  in  two  other  experiments  the  positivity  of  the  reaction 
did  not  change  but  in  these  two  tests  the  Wassermann  reaction  was 
100  per  cent,  positive  before  and  after  dialysis;  the  positivity  of  the 
Wassermann  reaction  of  the  serum  after  dialysis  increased  on  an 
average  of  78.5  per  cent,  in  four  experiments. 

The  Wassermann  reaction  on  the  globulin,  which  was  separated 
from  the  serum,  was  done  and  compared  with  the  reaction  on  the 
original  serum.  The  positivity  on  the  globulin  was  increased  150  and 
400  per  cent.,  respectively,  in  two  cases ;  it  did  not  change  in  two 
experiments ;  in  one  case  it  was  60  per  cent,  positive  and  in  another 
case  it  was  100  per  cent,  positive  before  and  after  the  dialysis. 

In  two  cases  it  was  decreased  after  the  dialysis.  The  decrease  of 
the  positivity  of  the  reaction  after  the  dialysis  was  24  per  cent,  in  one 
case  and  10  per  cent,  in  another. 

Hence,  we  can  say  that  the  Wassermann  reaction  on  the  globulin 
was  positive  after  its  separation  from  the  serum. 

The  Wassermann  reaction  on  albumin  was  nesrative  in  five  cases. 
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The  Wassermann  reaction  was  done  on  the  globulin,  which  was 
separated  from  the  normal  serum.  The  reaction  was  from  20  to  100 
per  cent,  positive,  averaging  72  per  cent,  positive  in  twenty-one  cases. 

2.  Ratio  of  Globulin  and  Albumin  in  Normal  and  Syphilitic  Serum: 
The  Wassermann  reaction  was  done  on  serum  from  normal  and 
syphilitic   patients   and    the   ratio    of    globulin   and    albumin    in   these 

TABLE  6. — Wassermann    Reaction  on   Syphilitic   Serum,   Dialyzed 
Serum,  Globulin  and  Albumin 


Dilution 
of 
No.  1:  Solution 

Original  serum — 

Dialyzed  serum l(i:l 

Dialyzed     globulin     in     salt 

solution Hi:! 

No.  2: 

Original  serum — 

Dialyzed  serum 16:1 

Dialyzed     globulin     in     salt 
solution 16:1 

Dialyzed     albumin     in     salt 
solution 16:1 

No.  3: 

Original  serum — 

Dialyzed  serum 12:1 

Dialyzed     globulin     in     salt 
solution 12:1 

Dialyzed      albumin     in     salt 
solution 12:1 

No.  4: 

Original  serum — 

Dialyzed  serum 24 : 1 

Dialyzed     globulin     in     salt 

solution 14:1 

Dialyzed     albumin     in     salt 

solution 14:1 

No.  5: 

Original  serum — 

Dialyzed  serum 12:1 

Dialyzed     globulin     in     salt 

solution 12:1 

Dialyzed     albumin     in     salt 

solution 14:1 

No.  6: 

Original  serum 

Dialyzed  serum 16:1 

Dialyzed     globulin     in     salt 
solution 16:1 

Dialyzed     albumin    in     salt 
solution 16:1 


Drops 

1 

Days 

of 

Dialysis 

3 

Wasser- 
mann 
Reaction 

+ 
+ 

Per- 
centage 
Positive 

100 

100 

Change 

After 

Dialysis 

0 

S 

3 

+ 

100 

0 

1 

s 

16 

3 

+ 

+ 
+ 

70 
60 
80 

+14% 

8 
16 

3 

+ 
+ 

4i> 
50 

-24% 

8 
16 

3 

_ 

0 
0 

1 
6 
12 

3' 

+ 
+ 
+ 

100 
80 
100 

6 
12 

3 

+ 
+ 

70 
90 

-10% 

6 
12 

3 

— 

0 

0 

1 
24 

3' 

+ 
+  . 

40 

80 

+100% 

14 

3 

+ 

100 

+  150% 

14 

3 

- 

0 

0 

1 
12 

3 

+ 
+ 

20 
60 

+  266% 

12 

3 

+ 

100 

+  400% 

14 

3 

- 

0 

0 

1 
S 
16 

2' 

+ 
+ 
+ 

60 
.TO 
60 

0 

8 
16 

2 

+ 

+ 

60 

60 

0 

0 

8 
16 

2 

z 

0 
0 

various  serums  was  determined.  Table  8  gives  the  result  of  nineteen 
determinations  of  the  globulin  and  albumin  ratio  and  the  Wassermann 
reaction  and  in  addition  shows  the  result  of  six  experiments  in  which 
the  concentration  of  serum  was  changed. 

From  the  study  of  Table  8,  it  is  evident  that  neither  the  actual  nor 
the  relative  amounts  of  globulin  and  albumin  is  the  essential  factor 
in  determining  the  positivity  of  the  Wassermann  reaction. 
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3.  Filtrability  of  Syphilitic  Antibody  by  Ultrafiltration  (3  and  5 
per  cent.)  :  A  syphilitic  serum  was  filtered  by  3  and  5  per  cent,  ultra- 
filter.  The  Wassermann  reaction  was  done  on  the  original  and  filtered 
Five  of  the  fifteen  filtrates  by  3  per  cent,  ultrafilter  gave  a 


serum. 


TABLE    7. — W.\ssERMANN    Reaction    on    Dialyzed   Globulin 
FROM  Normal  Serum 


Wassermann 

Reaction 

Wassermann  Reaction 

CoEcentra- 

Wasser- 

on Dyalyzed  Globulin 

on  Origin 

al  Serum 

Concentra 

Wasser- 

Wasser- 

Wasser- 

tion of 

mann 

tion  of 

mann 

mann 

mann 

Xo. 

Globulin 

Drops 

Reaction 

Globulin 

Drops 

Reaction 

Drop 

Reaction 

Drops  Reaction 

1 

Original 

+70% 

1:2 

+65% 

— 

o 

Original 

+80% 

1:2 

+60% 

— 

3 

Original 

+60% 

1:2 

+50% 

— 

4 

Original 

+90% 

1:2 

+80% 

— 

5 

Original 

+  70% 

1:2 

+65% 

— 

6 

Original 

+70% 

1:2 

+60% 

— 

7 

Original 

+80% 

1:2 

+60% 

— 

.. 

8 

Original 

+■70% 

1:2 

— 

.. 

9 

Original 

+60% 

— 

10 

Original 

+70% 

— 

11 

Original 

+70% 

— 

.. 

12 

Original 

+■70% 

— 

13 

Original 

+70% 

— 

14 

Original 

+100% 

i:2 

i 

+ioo% 

— 

15 

Original 

+100% 

1:2 

1 

+100% 

— 

16 

Original 

+100% 

1:2 

1 

+90% 

— 

2              — 

17 

1:4 

+■70% 

1:4 

8 

+  70% 

— 

18 

1:4 

+70% 

l:. 

8 

+vo% 

— 

19 

1:3 

+50% 

1:4 

6 

+50% 

— 

20 

1:4 

+20% 

1:4 

8 

+60% 

— 

21 

1:4 

+80% 

TABLE  8. — Wassermann  Reaction  on  Syphilitic  and  Normal  Serum  and 
Albumin  and  Globulin   Content  in  the  Serum 


No 

1. 

2. 

3. 
17. 
18. 
19. 

4. 

9. 
10. 
11. 
12. 

e! 

7. 

8. 
13. 
14, 
15. 
.16. 


Ratio  Betw.^en 

Wassermani 

Concentration 

Globulin  and 

Reaction, 

of  Serum 

Globulin 

-Albumin 

Albumin 

Percentage 

1 

1,600 

3,200 

2 

+100 

0 

800 

1,600 

2 

+100 

1 

1,600 

1,600 

1 

+100 

•7 

800 

800 

1 

+100 

1 

1,600 

1,600 

1 

+100 

0 

800 

800 

1 

+100 

i 

400 

800 

0 

+  90 

8 

2C0 

400 

0 

+  80 

4 

400 

400 

i 

+100 

8 

200 

200 

1 

+  90 

4 

400 

400 

1 

+100 

8 

200 

200 

1 

+100 

1 

1,600 

1,600 

1 

+  50 

1 

800 

3,200 

4 

-H0O 

1 

1.600 

3,200 

2 

+  70 

1 

1,600 

3,200 

2 

+  30 

1 

800 

1,600 

9 

+  30 

1 

3,200 

1,600 

1 

— 

1 

1,600 

1,600 

1 

— 

1 

1,600 

1,600 

1 

— 

1 

1,600 

1,600 

; 

— 

1 

1,600 

1,600 

1 

— 

:l 

800 

3,200 

4 

— 

1 

1,(K)0 

3,200 

2 

— 

1 

1,600 

1,600 

1 

— 

positive  Wassermann  reaction.     The  filtrates  by  5  per  cent,  ultrafilter 
gave  a  negative  Wassermann  reaction  in  five  cases. 

4.  Globulin  Content  in  the  Original   Serum  and  Filtered   Serum: 
The   globulin   content   of   the   normal   and   original    serum   was   com- 
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pared  with  that  of  fihered  serum.  The  same  was  done  on  syphilitic 
serum.  The  filtrability  of  globuHn  in  normal  and  syphilitic  serum  was 
compared.  The  same  ultrafilter  was  used  to  compare  the  filtrability  of 
globulin  in  normal  serum  with  that  of  syphilitic  serum.  The  serum 
was  divided  into  two  parts  and  these  two  samples  from  the  same  serum 

TABLE  9. — Filtrability  of  Syphilitic  Antiboby  by  Ultra- 

FILTRATIOX     (3     PeR    CeNT.) 


Wassermann  Reaction 


No. 
1.. 
2. . 
Z.'. 
4.. 
5. . 
6.. 

8.'! 

S.. 
10.. 
11.. 
12.. 
13.. 
14.. 
15.. 


On  Original 

On  Filtered 

' 

Serum 

Drop 

Serum 

Drops 

+ 

— 

+ 

— 

+ 

— 

+ 

— 

4- 

— 

+ 

+ 

16 

+ 

— 

17 

8 

1 

+ 

+ 

+ 

-t- 

1 

+ 

4- 

1 

4- 

+ 

10 

j. 



10 

T 

z 

10 
10 

TABLE    10. — Filtrability  of   Syphilitic  Antibody   by 
Ultrafiltration  (5  Per  Cent.) 


Wassermann  Reaction 


On  Original 

On  Filtered 

No. 

Serum 

Drop 

Serum 

Drops 

1 

+ 

— 

10 

9 

+ 

— 

10 

3 

10 

4 

+ 

— 

10 

5 

+ 

— 

10 

TABLE   11. — Globulin  Content  in  Original  .-vnd  Filtered  Serum 


Globuli 

n 

Ratio  of 

Globulin  in 

Wassermann 

Reaction 

In  Original    Ir 

Filterec 

Original  and 

No. 

Serum 

Serum 

Filtered  Serum 

Test 

Control 

1 

1,600 

4 

400:1 

+70% 

— 

1,600 

4 

400:1 

+  107c 

. — 

9 

1,000 

32 

16 

.50:1 
100:1 

+30% 
+30% 

— 

l,fiOO 

— 

3 

1.600 

SO 

20:1 

+20% 

— 

l,fiCO 

SO 

20:1 

+20% 

— 

4 

1.600 

80 

20:1 

+20% 

— 

l.fiOO 

80 

20:1 

+20% 

— 

5 

800 

10 

80:1 

+  40% 

— 

800 

10 

80:1 

+40% 

— 

6 

800 

8 
8 

100:1 
100:1 

+.50% 
+50% 

— 

800 

— 

800 

16 

8 

.50:1 
100:1 

+20% 
+  20% 

— 

800 

— 

were  filtered  by  the  same  filter  one  after  the  other.  The  filtrability  of 
the  globulin  did  not  change  by  the  second  filtration  through  the  same 
filter  in  five  out  of  seven  cases.  The  filtrability  was  decreased  1 :  2  by 
the  second  filtration  by  the  same  filter  in  two  out  of  seven  cases.  The 
change  of  the  filtrability  1 :  2  by  the  ultrafiltration  is  therefore  within 
the  scope  of  the  technical  failure  of  this  method  (Table  11). 
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TABLE  12. — FiLTRABiLiTY  OF  Globulin  in  Normal  and  Syphilitic  Serum 


Xo.  Original 

1  1,600 

1,600 
o  1,600 

i.eoo 

3  1,600 

1,600 

4  1.000 

1,600 

5  1.600 

1.600 

6     1,600 

1,600 

7  1,600 

1,600 

g 1.600 

1,600 
9        3,200 

3,200 
10 800 

3,200 
11 1,600 

6,400 
19 1,600 

1,600 
13 1,600 

1,600 

14 800 

800 
15 3,200 

3,200 
16 80O 

3.200 

17 1,600 

800 


Globulin 

Filtered 

Ratio 

40 

40:1 

8 

200:1 

40 

40:1 

40 

40:1 

40 

40:1 

20 

80:1 

40 

40:1 

10 

160:1 

32 

.50:1 

9 

800:1 

80 

20:1 

20 

80:1 

160 

10:1 

20 

80:1 

40 

40:1 

8 

200:1 

160 

20:1 

80 

40:1 

40 

20:1 

40 

80:1 

160 

10:1 

160 

40:1 

80 

20:1 

20 

80:1 

80 

20:1 

2& 

80:1 

80 

10:1 

10 

80:1 

160 

20:1 

40 

80:1 

20 

40:1 

4 

800:1 

32 

50:1 

•2 

400:1 

Wassermann  Reaction 
on  Original  Serum 


Control 


TABLE  13. — FiLTRABiLiTY  OF  Globulin  in  Original  and  Filtered  Serum  and 
Change  of  Filtrability  in  Syphilitic  Serum 


No. 
1.. 

2. 

3.' 

4. 

5. . 

6. 

7. . 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
IV. 


Ratio  of  Globulin  in 

Change  of  Fill 

rability 

Original  a 

nd  Filtered  Serum 

of  Globulin  in 

^ 

« ^ 

Syphilitic  Serum  from 

Xormal 

Syphilitic 

That  in  the  Normal  Serum 

40:1 

200:1 

—1 

5 

—4:20 

40:1 

40:1 

1 

40:1 

80:1 

— 1 

2 

40:1 

160:1 

— 1 

4 

—5:20 

50:1 

800:1 

— 1 

8 

—2.5:20 

20:1 

80:1 

— 1 

4 

—5:20 

10:1 

80:1 

— 1 

8 

—2.5:20 

40:1 

200:1 

— 1 

5 

—4:20 

20:1 

40:1 

— 1 

2 

20:1 

80:1 

— 1 

4 

—5:20 

10:1 

40:1 

— 1 

4 

—5:20 

20:1 

80:1 

— ^1 

4 

—5:20 

20:1 

80:1 

— ^1 

4 

—5:20 

10:1 

80:1 

— I 

8 

—2.5:20 

20:1 

80:1 

— 1 

4 

—5:20 

40:1 

800:1 

— 1 

20 

—1:20 

50:1 

400:1 

—1 

8 

-2.5:20 

TABLE    14. — Filtration  of  Syphilitic   Serum   by   5    Per   Cent.   Ultrafilter 


No. 


fWassermann  reaction 

•I  Globulin 

IDrops 

fWassermann  reaction 

^Globulin 

[Drops 

fWassermann  reaction 

■1  Globulin 

IDrops 


Original 
Seram 

+50% 
1:400 

1 
+20% 
1:400 

1 
+60% 
1:800 

1 


Filtered 

Serum 


1:80 
1 


Filtered 
Rest 

+55<%, 
1:800 

1 
+20% 
1:1,600 

1 

+70% 

1:1-600 

1 


Change  of         Change  of 

Concentration  Wassermann 

of  Globulin        Reaction 

J-2:l  +10% 


-16% 
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The  filtrability  of  globulin  in  normal  serum  was  compared  with  that 
of  syphilitic  serum  and  the  results  are  noted  in  Tables  12  and  13. 

The  filtrability  of  globulin  in  syphilitic  serum  was  not  different 
from  that  in  normal  serum  in  three  out  of  seventeen  cases.  In  the 
other  fourteen  cases  the  filtrability  of  the  globulin  in  the  syphilitic 
serum  was  decreased  5 :  20  in  the  minimum  and  1 :  20  in  the  maximum. 
The  decrease  in  the  average  was  3.9 :  20.  A  change  of  1 :  2  as  has  been 
noted  is  within  the  scope  of  the  error  of  technic  so  that  the  decrease 
of  the  filtrability  of  the  globulin  in  syphilitic  serum  from  that  in  the 
normal  serum  may  be  estimated  as  about  1 :  2.5. 

5.  Concentration  of  Syphilitic  Serum  by  Ultrafiltration:  The 
decrease  of  filtrability  of  globulin  in  the  syphilitic  serum  was  noted  and 
it  was  found  that  the  Wassermann  reaction  active  substance  in  the 
serum  was  held  on  the  filter. 

This  result  may  be  caused  by  the  absorption  of  globulin  and  the 
W'assermann  reaction  active  substance  by  the  filter. 

The  filtrability  of  globulin  in  normal  serum  was  then  compared  with 
that  in  syphilitic  serum.     The  results  are  as  given  in  Table  12. 

6.  The  relation  between  the  change  of  the  concentration  of  globulin 
in  the  original  and  filtered  serum  and  the  change  in  degree  of  the 
Wassermann  reaction  was  investigated.  The  Wassermann  reaction  20, 
50  and  60  per  cent.,  respectively,  positive  serums  were  filtered  through 
5  per  cent,  ultrafilter. 

The  concentration  of  globulin  in  the  rest  of  the  serum,  which  was 
held  on  the  filter,  was  on  the  average  increased  2.6 :  1  times  from  that 
in  the  original  serum.  The  change  of  the  concentration  of  globulin  in 
the  seium  2.6:  1  was  followed  by  the  increase  of  the  positivity  of 
Wassermann  reaction  0,  10  and  16  per  cent.,  or  8.6  per  cent,  in  the 
average.  In  the  one  serum  showing  no  increase  in  the  positivity  of 
the  Wassermann  reaction  after  filtration  the  test  was  only  20  per  cent, 
positive  and  may  be  regarded  as  a  negative  reaction.  If  we  omit  this 
serum,  the  change  in  the  concentration  of  globulin  in  the  serum  2:  1 
was  followed  by  the  increase  of  the  positivity  of  the  Wassermann 
reaction  of  10  and  16  per  cent.,  or  13  per  cent,  in  the  average. 

The  relation  between  the  change  of  concentration  of  globulin  in 
the  serum  by  the  ultrafiltration  and  the  change  in  the  Wassermann 
reaction  on  the  same  serum  was  investigated  in  the  above  experiment. 

The  influence  of  the  change  of  the  concentration  of  globulin  on 
the  Wassermann  reaction  was  determined,  using  globulin  in  salt 
solution. 

A  change  in  the  concentration  of  the  globulin  of  2:  1  was  followed 
by  an  increase  in  the  positivity  of  the  Wassermann  reaction  from  10 
to  50  per  cent.     In  two  cases  a  change  of  concentration  of  4:  1  was 
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TABLE   15. — Dilutions  of   Globulin 


Change  of 

Was 

sermann 

TVassermann 

Reaction 

Reaction  by 

Change  of 

Exper. 

Drops 

Dilution 

Test 

Control 

Concentration 

f  Original  serum... 

2 

1:32 

-^20% 

— 

1  Globulin  1:1 

2 

1:32 

+  100% 

— 

25% 

1    ■!  Globulin  1:5 

2 

1:160 

+80% 

— 

33% 

1  Globulin  1:10 

2 

1:320 

+60% 

— 

50% 

[  Globulin  1:20 

2 

1:640 

+40% 

— 

f  Original  serum 

1:70 

+100% 

— 

2    J  Globulin  1:1 

l:VO 

+100% 

— 

100% 

1  Globulin  1:4 

1:280 

+50% 

— 

25% 

[  Globulin  1:8 

1:360 

+40% 

— 

f  Original  serum 

1:70 

+  100% 

— 

1  Globulin  1:1 

1:70 

+100% 

— 

125% 

3    {  Globulin  1:4 

1:280 

+40% 

— 

0 

1  Globulin  1:8 

1:360 

+40% 

— 

33% 

I  Globulin  1:16 

1:720 

+30% 

— 

TABLE  16. — W.\SSERMAXN"  Re.a.ction  of  Dried  Serum 


No. 
1.. 

3.. 
4.. 
5. . 
6.. 

8!! 

9.. 
10.. 
11.. 
12.. 
13.. 
14.. 
15. . 


Original  Serum 

5uspen! 

ioc 

Serum 

' 

Drops  of    Wassermann 

Wassermann 

Dilution 

Serum 

Reaction 

Dilution 

Drops 

Reaction 

— 

2 

2 

— 

— 

2 

2 

— 

— 

2 

2 

— 

— 

9 

2 

— 

— 

2 

2 

— 

— 

2 

2 

— 

— 

9 

2 

— 

— 

2 

9 

— 

— 

9 

2 

— 

+40% 

2 

2 

+20% 

+70% 

2 

2 

+20% 

+70% 

2 

2 

+30% 

+100% 

2 

2 

+30% 

+100% 

2 

9 

+30%     . 

+100% 

2 

2 

— 

TABLE    17. — Wassermann    Re.a.ction   on   the   Normal   Serum    Which    Was 
Concentrated  by   Ultrafiltr.a.tion 


No. 

1 


Concentration 

Serum  of  Serum 

Original 

Concentration 3:1 

Original 

Concentration 5:1 

Original 

Concentration 10:1 

Original 

Concentration 6:1 

Original 

Concentration 3:1 

Original 

Concentration 6:1 

Original 

Concentration 15:1 

Original 

Concentration.. 14:1 

Original 

Concentration 12:1 


Wassermann 
Reaction 
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followed  by  an  increase  in  the  Wassermann  reaction  of  125  and  100 
per  cent.,  respectively.  In  Table  15  the  globulin  in  each  experiment 
is  from  the  original  serum  and  the  ratios  show  the  dilutions. 

7.  Wassermann  Reaction  on  the  Suspension  of  Dried  Serum :  One 
cvibic  centimeter  of  serum  was  put  into  a  watch  glass  and  dried  on 
the  water  bath  over  boiling  water.  After  drying,  the  serum  was  ground 
to  powder  in  a  small  mortar.  The  powder  was  suspended  in  1  c.c. 
of  distilled  water  and  the  mortar  was  washed  with  1  c.c.  of  salt  solu- 
tion. The  salt  solution  which  was  used  for  washing  was  added  to  the 
suspension  of  the  serum.  The  protein  content  of  2  c.c.  of  the  suspen- 
sion would,  therefore,  be  equal  to  that  of  1  c.c.  of  the  original  serum, 
and,  therefore.  1  drop  of  the  original  serum  was  compared  with  2  drops 
of  the  suspension  for  the  Wassermann  reaction  test.  The  Wassermann 
reaction  of  the  suspension  of  dried  serum  from  normal  blood  was 
negative.  The  Wassermann  reaction  on  dried  syphilitic  serum  was 
weaker  than  that  of  the  original  syphiHtic  serum. 

According  to  this  experiment  the  Wassermann  reaction  active  sub- 
stance in  the  serum  was  partially  destroyed  by  heating  or  drying 
(Table  16). 

8.  Wassermann  Reaction  on  Normal  Serum  Concentrated  by  Ultra- 
filtration: A  normal  serum  was  filtered  by  5  per  cent,  ultrafilter.  The 
serum  remaining  on  the  filter  was  concentrated  from  three  to  fourteen 
times  in  volume  by  the  ultrafiltration. 

The  Wassermann  reaction  was  negative  on  the  concentrated  normal 
serum  in  nine  cases  (Table  17). 

IV.     REVIEW     OF     EXPERIMENTS 

In  our  experiments  the  Wassermann  reaction  on  the  globulin  from 
syphilitic  and  normal  serum  was  positive  and  the  Wassermann  reaction 
on  the  albumin  was  negative.  From  this  we  may  conclude  that  the 
Wassermann  reaction  active  substance  in  the  syphilitic  serum  is  a 
globulin  or  is  associated  with  the  globulin.  As  has  been  shown  by 
Schmidt  ^  the  globulin  from  normal  serum  also  gave  a  positive  Wasser-  / 

mann  reaction.  Schmidt  explained  the  fact  that  globulin  from  normal 
serum  gave  a  positive  reaction  while  normal  serum  gave  a  negative 
reaction  as  being  due  to  the  protective  action  of  the  albumin.  The 
explanation  that  suggests  itself  is  that  the  globulin  separated  from 
normal  serum  may  give  a  positive  Wassermann  reaction  because  of 
the  fact  that  the  physical  or  chemical  condition  of  the  globulin  which 
has  been  separated  from  the  serum  by  dialysis  may  not  be  the  same 
as  it  is  in  the  original  serum  and  since  the  condition  of  the  dialysed 
globulin  from  normal  serum  would  be  similar  to  the  globulin  dialyzed 
from  syphilitic  serum  we  would  expect  a  similar  reaction  in  each  case, 
and  this  has  proved  so  in  our  experience,  both  giving  positive  Wasser- 


'I 
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mann  reactions.  The  condition  of  the  globuhn  in  syphiHtic  serum  may 
be  considered  as  similar  to  the  condition  of  the  globuHn  obtained  by 
dialysis  from  normal  serum.  We  may  further  suppose  that  the  condi- 
tion of  the  globulin  which  was  separated  from  syphilitic  serum  and 
dialyzed  wnll  not  be  the  same  as  the  globulin  in  the  syphihtic  serum, 
as  the  change  has  gone  further  in  the  same  direction. 

The  Wassermann  reaction  of  the  syphilitic  serum  was  more  strongly 
positive  after  dialysis  than  before.  Therefore  it  seems  probable  tlmt 
the  change  of  the  condition  of  globulin  in  syphilitic  serum  is  increased 
in  the  same  direction  by  dialysis.  The  ratio  of  globulin  and  albumin 
in  normal  and  syphilitic  serum  was  compared  and  it  was  found  that 
neither  the  amount  of  globulin  nor  the  ratio  between  globulin  and 
albumin  plays  the  essential  role  in  the  Wassermann  reaction. 

Syphilitic  serum  was  filtered  by  3  and  5  per  cent,  ultrafilter.  The 
Wassermann  reaction  active  substance  at  times  passed  through  3  per 
cent,  ultrafilter  and  at  other  times  did  not.  The  inconstant  results 
could  be  caused  by  the  difference  of  the  positivity  of  the  Wassermann 
reaction  on  the  original  syphilitic  serum  and  by  the  unequal  thickness 
of  the  ultrafilter. 

The  Wassermann  reaction  active  substance  could  not  pass  through 
5  per  cent,  ultrafilter. 

The  Wassermann  reaction  was  positive  on  the  globulin  and  it  was 
negative  on  albumin.  Therefore,  it  would  seem  that  the  Wassermann 
reaction  active  substance  is  contained  in  the  globulin  fraction. 

The  filtrability  of  globulin  in  normal  and  syphilitic  serum  was  com- 
pared by  ultrafiltration.  The  filtrability  of  globulin  in  syphilitic  serum 
was  decreased  about  1 :  2.5  from  that  in  normal  serum.  Three  explana- 
tions of  this  difference  in  the  filtrability  of  globulin  from  normal  and 
syphilitic  serum  may  be  given. 

1.  Adsorption  of  globulin  in  syphilitic  serum  on  the  filter  in  greater 
amoimt  than  in  the  case  of  normal  serum.  In  reference  to  this  we 
investigated  whether  adsorption  of  Wassermann  reaction  active  sub- 
stance does  or  does  not  take  place.  The  globulin  in  syphilitic  serum 
was  held  back  by  the  ultrafilter  in  greater  degree  than  in  normal  serum. 
A  2:  1  change  of  concentration  of  globulin  in  syphilitic  serum  by 
ultrafiltration  was  followed  by  the  increase  of  positivity  of  the  Wasser- 
mann reaction  by  13  per  cent,  in  the  average.  The  influence  of  the 
change  of  the  concentration  of  globulin  on  the  Wassermann  reaction 
was  also  determined  by  using  globulin  in  salt  solution.  The  change 
in  the  concentration  of  globulin  by  2:  1  w^as  followed  by  a  much  greater 
increase  of  positivity  of  the  Wassermann  reaction  than  resulted  from 
a  similar  change  in  concentration  by  ultrafiltration.  The  positivity  of 
the  Wassermann  reaction  did  not  increase  as  expected  in  the  proportion 
of   the    concentration    of    globulin    in    the    syphilitic    serum    by    ultra- 
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filtration.  It,  as  has  been  suggested,  there  is  a  Wassermann  reaction 
active  and  negative  globulin  present  in  the  syphilitic  serum  then,  if  the 
excess  of  the  Wassermann  reaction  active  globulin  was  adsorbed  on 
the  filter  by  the  concentration  of  serum  by  ultrafiltration,  the  positivity 
of  the  Wassermann  reaction  does  not  change  while  the  concentration 
of  globulin  may  take  place.  In  our  case  the  positivity  of  the  Wasser- 
mann reaction  was  increased  13  per  cent,  instead  of  the  expected 
increase  of  25  or  30  per  cent.  From  this  we  may  conclude  that  one 
part  of  the  Wassermann  reaction  active  globulin  w-as  adsorbed  on  the 
ultrafilter  and  by  this  fact  the  decrease  of  the  filtrability  of  globulin 
in  syphilitic  serum  may  be  partially  explained. 

2.  The  size  of  the  globulin  molecule  in  syphilitic  serum  may  be 
larger  than  that  in  the  normal  serum  and,  if  so,  this  would  result  in 
a  decrease  of  filtrability  of  globulin  in  syphilitic  serum.  The  larger 
size  of  the  globulin  particle  in  syphilitic  serum  might  be  expected  from 
the  fact  that  the  globulin  in  the  normal  serum  was  Wassermann  reac- 
tion positive  after  dialysis  and  the  size  of  the  globulin  was  increased 
by  dialysis.  W^e  may  consider  the  stronger  Wassermann  reaction  and 
the  larger  size  of  the  globulin  particle  as  parallel  phenomena. 

The  size  of  the  particle  of  globulin  in  the  suspension  of  the  dried 
serum  should  be  larger  than  that  of  the  original  serum.  Nevertheless, 
the  Wassermann  reaction  was  weaker  on  suspension  than  that  on  the 
original  serum,  but  this  experiment  is  inconclusive  as  bearing  on  that 
point  because  of  the  fact  that  a  change  of  chemical  nature  in  the 
protein  may  take  place  during  the  process  of  heating. 

Hence,  the  size  of  the  particle  of  globulin  molecule,  itself,  alone, 
cannot  be  taken  as  the  essential  part  for  the  positivity  of  Wasserman 
reaction.  A  certain  chemical  nature  of  the  particle  is  doubtless  necessary 
for  the  reaction. 

3.  By  ultrafiltration  the  salts  in  the  syphilitic  serum  can  be  taken 
out  from  the  original  serum,  and,  therefore,  the  concentration  of  salts  in 
the  original  serum  can  be  decreased  by  filtration.  On  the  contrary,  the 
concentration  of  protein  in  the  original  serum  was  increased. 

The  condition  of  the  globulin  in  the  serum  can  be  changed  by  a 
change  of  concentration  of  salts  in  the  same  way  as  by  dialysis. 

The  decrease  of  filtrability  of  globulin  in  the  syphilitic  serum  may 
be  caused  by  the  change  of  condition  of  the  globulin  by  the  decrease 
of  salts  through  ultrafiltration  and  this  changed  condition  will  be 
similar  to  that  of  dialyzed  serum;  namely,  the  size  of  the  particle  of 
globulin  Avas  made  larger  by  the  decrease  of  the  salt  concentration. 

And,  moreover,  in  that  case  it  was  supposed  that  the  condition  of 
globulin  in  the  syphilitic  serum  can  be  changed  easier  than  that  in  the 
normal  serum. 
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V.     SUMMARY 

1.  The  globulin  fraction  in  syphilitic  serum  contains  the  active 
substance  in  the  Wassermann  reaction. 

2.  The  filtrability  of  globulin  in  syphilitic  serum  by  the  ultrafilter 
was  less  than  that  in  the  normal  serum. 

3.  Three  factors  have  been  considered  in  this  relationship  :  ( 1 )  The 
possible  ease  of  adsorption  of  the  Wassermann  reaction  active  globulin 
of  the  ultrafilter  as  compared  with  normal  globulin;  (2)  the  possible 
greater  size  of  the  particle  of  active  globulin  as  compared  with  normal 
globulin,  and  (3)  the  possible  instability  of  the  active  globulin  as 
compared  with  normal  globulin. 

Part    II 

The  Substances  Concerned  in  the  Colloidal  Gold  Test 
AND  THE  Nature  of  the  Reaction 

From  the  work  of  Thomas  Graham  on  colloidal  chemistry,  about 
fifty  years  ago,  there  has  been  opened  a  vast  and  important  field  of 
investigation  of  the  bodily  processes  in  health  and  disease.  The 
principles  of  colloidal  chemistry  were  applied  by  Zsigmondy  ^-  to  a 
study  of  the  reaction  of  colloidal  gold  to  certain  colloids,  especially 
proteins.  He  found  that  various  proteins  protected  the  colloidal  gold 
against  the  coagulating  elTect  of  sodium  chlorid,  an  electrolyte;  there 
was  also  noted  a  variation  in  the  protective  power  of  different  proteins; 
on  this  basis  of  relative  protective  action  proteins  were  given  num- 
bers or  values. 

An  extension  and  application  of  Zsigmondy's  work  to  clinical  use 
was  made  by  Lange  ^^  who  discovered  that  normal  and  pathologic 
cerebrospinal  fluids  reacted  differently  on  the  colloidal  gold.  Because 
of  Zsigmondy's  investigations  on  the  protective  action  of  proteins,  it 
is  commonly  stated  in  the  literature  that  Lange's  test  depends  on  the 
protective  power  of  the  protein  of  the  cerebrospinal  fluid  against  the 
salt  solution.  The  error  of  this  conclusion  is  obvious,  when  one  con- 
siders the  fact  that  the  amount  of  electrolyte  used  in  the  test  is  insuf- 
ficient to  produce  precipitation  of  the  colloidal  gold  and,  therefore,  the 
cerebrospinal  fluid  must  play  an  active  role  in  the  production  of  the 
colloidal  gold  curve.  In  other  words,  pathologic  cerebrospinal  fluids 
must  contain  substances  that  have  a  coagulating  effect  on  the  colloidal 
gold. 


12.  Zsigmondy:  Die  hochrothe  Goldlosung  als  Reagens  auf  Colloide. 
Fresenius  Ztschr.  f.  analytische  Chem.  40:697,  1901. 

13.  Lange:  Die  Ausflockung  kolloidalen  Goldes  durch  Cerebrospinalfliissig- 
keit  bei  luetischen  Affektionen  des  Zentralnervensystem,  Ztschr.  f.  Chemotherap. 
1:44,  1912. 
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There  has  been  considerable  speculation  and  some  experimentation 
on  the  nature  of  this  reaction  and  the  identity  of  the  active  substances. 
Lange  "  considered  it  as  an  indication  of  the  mixture  of  the  proteins. 
Zaloziecki  "  believed  the  reaction  to  be  an  immunity  phenomenon. 

Jaeger  and  Goldstein  ^^^  regarded  it  as  an  indication  of  electrical 
changes  in  the  fluid  and,  therefore,  a  physical  phenomenon.  Eskuchen  ^^ 
thought  the  cause  of  the  precipitation  to  be  due  to  the  pathologic 
increase  of  the  albumin ;  variations  of  precipitation  are  apparently 
caused  by  various  forms  of  physiochemical  relations  of  the  albumin. 

Weston  ^'  and  Miller  and  his  associates  ^^  have  found  that  the  active 
substance  in  the  cerebrospinal  fluid  was  dialyzable,  and  the  former 
concluded  that  globulin  was  the  precipitating  substance.  Felton  ^^  said 
the  zonal  reactions  are  caused  by  the  interelationship  of  the  globulin 
and  albumin ;  the  albumin  protects  and  the  globulin  precipitates  the 
gold. 

Cruickshank -"  isolated  the  globulin  of  paretic  fluids  and  found  the 
globulin  to  give  a  reduction  in  Zone  I — a  "paretic"  curve.  In  the  study 
of  dialysis  of  paretic  fluids  he  found  that  the  dialy sates  gave  no  change 
with  colloidal  gold.  He  noted  the  protective  action  of  cerebrospinal 
Huids  by  using  sufficient  strength  of  salt  solution  to  entirely  precipitate 
the  colloidal  gold.  He  confirmed  the  work  of  Felton  ^^  regarding  the 
precipitating  action  of  the  globulin  of  pathologic  fluid  and  the  protective 
action  of  albumin,  and  states  that  the  various  types  of  reaction  can  be 
simulated  by  mixtures  of  globulin  and  albumin.  Since  the  "globulin 
obtained  from  negative  spinal  fluids,  even  when  used  in  concentrated 
form,  are  almost  inactive,  the  precipitating  action  of  paretic  fluids 
cannot  be  ascribed  solely  to  the  increase  in  globulin,  but  is  probably 
dependent  on  a  specific  alteration  of  the  physical  state  of  the  globulin, 
which  is  associated  with  a  positive  electric  charge." 

It  is  the  opinion  of  McDonagh  "^  that  the  colloidal  gold  test  occurs 
only  when  there  are  lipoid  globulin  particles  present,  which  are  suitably 


14.  Zaloziecki :  Ueber  den  Eiweissgehalt  der  Zerebrospinalfliissigkeit, 
Ztschr.  f.  Nervenli.  47:783,  1913. 

15.  Jaeger  and  Goldstein:  Goldsolreaktion  in  Liquor  cerebrospinalis, 
Ztschr.  f.  d.  ges.  Neurol,  u.  Psychiat.  16:219,   1913. 

16.  Eskuchen :  Die  fiinfte  Reaktion,  Ztschr.  f.  d.  ges.  Neurol,  u.  Psychiat. 
25:486,   1914. 

17.  Weston:  The  Nature  of  the  Substance  Causing  the  Colloidal  Gold 
Reaction,  Tr.  Am.  Psychol.  Assn.  26:467,  1919. 

18.  Aliller,  Brush,  Hammers  and  Felton :  A  Further  Study  of  the  Diagnostic 
Value  of  the  Colloidal  Gold  Reaction,  Together  with  a  Method  for  the  Prepara- 
tion of  the  Reagent.  Bull.  Johns  Hopkins  Hosp.  26:391,  1915. 

19.  Felton :  Cerebrospinal  Fluid  and  the  Colloidal  Gold  Test,  New  York 
M.  J.  105:1170,  1917. 

20.  Cruickshank :  The  Value  and  Mechanism  of  the  Colloidal  Gold  Test. 
Brit.  J.  Exper.  Path.  1:71,  1920. 

21.  McDonagh :  Experiments  with  Cerebrospinal  Fluid,  Lancet  2:991 
(Nov.   13)    1920. 
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charged  with  hydrogen  ions  and  that,  although  the  reaction  is  electro- 
lytic, it  is  influenced  by  the  substratum  (protein)  to  which  the  elec- 
trolytes are  attached.  He  finds  that  nonelectrolytic  lipoid  fails  to 
precipitate  the  colloidal  gold.  "Therefore,  may  we  say  that  the  pre- 
cipitation of  colloidal  gold  is  dependent  on  the  protein  particles,  but 
that  the  action  is  started  by  the  electrolytes  attached  thereto." 

From  this  summary  of  the  literature  it  is  evident  that  there  is  con- 
siderable diversity  of  opinion  as  to  the  nature  and  causes  of  the 
reaction.  In  an  endeavor  to  throw  further  light  on  the  mechanism 
of  the  colloidal  gold  reaction,  we  have  studied  the  effect  of  syphilitic 
and  nonsyphilitic  globulins,  albumin  and  dialyzed  serums  on  the  pre- 
cipitation and  protection  of  colloidal  gold.  We  have  also  employed  in 
this  study  the  ultrafiltration  of  sera  and  cerebrospinal  fluids  and  the 
estimation  of  globulin  and  albumin  ratios. 

The  results  obtained  from  various  types  of  experiments  will  be 
given  first  with  brief  discussion.  Detailed  discussion  and  conclusions 
will  follow  the  presentation  of  the  experimental  data. 

TECHNIC 

The  method  of  preparing  the  colloidal  gold  and  making  the  test 
was  that  described  by  Warwick  and  Nixon.--  For  the  ultrafiltration 
studies,  suggested  by  the  work  of  McClendon -^  an  apparatus  similar 
to  one  described  by  Bechhold  ^°  was  used.  The  essential  parts  of  this 
apparatus  consist  of  an  air  pump  and  tank  with  gage  for  the  com- 
pressed air  and  of  the  filtration  chamber.  The  chamber  is  divided  by 
a  fine  meshed  gold  coated  screen,  on  which  rests  the  coated  filter  paper. 
(This  apparatus  was  used  in  the  work  of  Egerer  and  the  details  of  the 
apparatus  and  its  use  are  described  by  Egerer  in  a  paper  to  appear 
shortly.)     In  the  dialysis  experiments  colloidin  sacs  were  used. 

Relation  of  the  Colloidal  Gold  Curve  to  Globulin. — It  is  commonly 
observed  in  the  clinical  use  of  the  colloidal  gold  test  that  there  is  no 
constant  parallelism  between  the  type  curve  and  the  amount  of  globulin 
as  determined  by  the  saturated  ammonium  sulphate  solution  ring  test 
(Ross-Jones).  It  has  also  been  noted  by  Solomon  that  a  curve  may  be 
present  with  a  negative  Ross- Jones  reaction.  In  a  study  of  more  than 
800  spinal  fluid  examinations  we  have  noted  thirty-eight  fluids  giving 
definite  curves,  but  giving  a  negative  Ross-Jones  test,  the  curves 
occurred  in  Zones  I  and  II.  There  were  four  instances  of  a  positive 
globulin  test,  with  no  changes  in  the  colloidal  gold. 


22.  Warwick  and  Nixon :    A  Study  of  the  Colloidal   Gold  Reaction  and  Its 
Clinical  Interpretation,  Arch.  Int.  Med.  25:119   (Jan.)    1920. 

23.  McClendon :   The  Formation  and  Composition  of  the  Cerebrospinal  Fluid. 
J.  A.  M.  A.  70:977  (April  6)   1918. 
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Table  18  shows  the  curves  obtained  from  globuHn  prepared  from 
human  blood  serum  by  dialysis  and  separation  from  the  albumin  by 
precipitation  with  ammonium  sulphate  solution.  Distilled  water  and 
physiologic  solution  of  sodium  chlorid  were  used  as  vehicles  for  the 
globulin,  the  amount  of  globulin  in  each  case  being  the  same  in  the 
salt  and  water,  but  not  the  same  in  different  globulins. 

TABLE  18. — Globulin  Curves 


No. 
IV. 

Normal 

State 

Colloidal  Gold  Curve 
.5  r>  5  3  2  -4-  0  0  0  0 

VII. 

Normal 

Syphilitic 

Normal 

In  salt  Ph  6.4 

554  2  100000 
5  5  55210000 

viir. 

IX. 

In  salt 

In  water 

Iu.salt 

In  water 

In  salt 

2  554  3  10000 
5  55  5  553100 
155555. -J  000 
4555420000 

X. 

Syphilitic 

5555310000 
455552-1-0  00 

XI. 

In  salt 

555531 ±0  00 
5555431000 

XII. 

2455554310 

1. 

2. 

In  salt— from  original 
(40  per  cent.) 

From    normal    serum 
diluted  4  times 

14  times  diluted,  Was- 
sermann  lOO  per  cent. 
on  original  serum 

In  salt 

014324321 
0  13  5  5  5  2  10  0 

The  colloidal  gold  test  was  done  on  some  globulin  suspensions  and 
solutions  which  were  shaken  little  or  not  at  all  before  using  for  the 
test  (Table  19). 

From  these  tables  it  is  evident  that  globulin  prepared  from  normal 
and    syphilitic    serums    give    distinct   curves.      The    reduction    usually 

TABLE  19. — Globulin  Colloid.\l  Gold  Curve 


No. 

III.  Normal. 

V.  Normal. 

VI.  Normal. 

VII.  Normal. 

I.  Normal. 

II.  Normal. 


State 

In  water 

In  salt 

In  water  ph  6.4. 
In  salt  pu  6.4. .. 
In  water  ph  6.4. 

In  water 

In  salt 

In  water 

In  salt 

In  water 

In  salt 


Colloidal  Gold  Curve 
0134210000 
4432100000 
21 ±0  000000 
5410000000 
2455420000 
2432100000  (See?  in 
2443310000    Table  18) 
12355543 1± 
0125555310 
1234455310 
0123343310 


occurs  in  Zone  I  though  the  greatest  reaction  may  not  take  place  in 
the  first  or  second  tubes. 

Curves  in  Zone  II  are  observed  in  the  globulin  preparations  which 
were  insufficiently  shaken. 

The  globulins  from  syphilitic  serums  give  somewhat  more  marked 
curves  than  those  from  normal  sera. 
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Relation  of  the  Colloidal  Gold  Curve  to  Albumin. — The  reactions 
in  the  colloidal  gold  test  with  albumin  are  noted  in  Table  20.  The 
albumin  was  obtained  from  syphilitic  and  nonsyphilitic  human  serums. 
It  is  possible  that  our  albumin  solutions  contain  a  trace  of  globulin 
but  they  were  prepared  with  great  care  and  all  those  noted  in  the 
following  experiments  gave  a  negative  Ross- Jones  test  for  globulin. 

From  Table  20  one  may  conclude  that  albumin  from  normal  and 
syphilitic  serums  may  cause  a  reduction  in  the  colloidal  gold ;  the  curve 
occurs  in  the  moderate  dilutions. 

Colloidal  Gold  Reaction  with  Dialyzed  Scrums. — Table  21  shows 
the  curves  obtained  with  dialyzed  and  nonsyphilitic  human  serums. 
These  serums  give  curves  in  the  moderate  and  higher  dilutions.  The 
curves  tend  to  be  irregular. 

Colloidal  Gold  Reaction  zvith  Ultrafiltrate  of  Syphilitic  and  Non- 
syphilitic Sera. — The  colloidal  gold  test  was  done  on  the  original  and 
ultrafiltrated  serum.  With  few  exceptions  the  curves  were  fairly 
similar  and  with  the  original  serums  occurred  in  the  dilutions  between 
1 :  160  to   1 :  40,960.     The  ultrafiltrate  gave   reduction,  commonly,   in 

TABLE  20. — Albumin  Curves 


No. 
III. 

State 

CoUoidal  Gold  Test 
0  0-+-2  2  1-(-0 
245554555430 
O-HH-O  0  0  0  0  0 
000+2  310000 
0  0  0-t-l  23345310000 
0001000000 

XI. 

In  salt 

vni. 

X. 

Syphilitic 

Syphilitic 

In  salt 

In  salt 

Diluted  4  times 

1. 

Syphilitic 

Diluted  14  times;  Was- 

sermann  negative 

dilutions  of  from  1 :  80  to  1 :  10,240.  There  is  a  distinct  moving  of 
the  curve  to  the  lower  dilutions  by  ultrafiltration ;  this  phenomenon 
is  somewhat  more  marked  in  syphilitic  than  nonsyphilitic  serums 
(Table  22). 

There  is  no  constant  difterence  in  the  curves  of  syphilitic  and  non- 
syphilitic serums,  but  the  syphilitic  serums  average  a  greater  reduction 
than  the  nonsyphilitic  serums. 

Serums  75,  76  and  77  ofifer  an  interesting  comparison.  Serum  77, 
which  is  a  nonsyphilitic  serum,  gives  a  strong  curve,  especially  from 
the  eighth  to  the  fourteenth  tubes ;  after  ultrafiltration  the  curve  is 
still  very  marked  and  reduction  occurs  in  the  first  six  tubes.  Serum  75, 
from  a  syphilitic  patient  with  a  recently  negative  Wassermann  test, 
gives  a  curve  similar  to,  but  stronger,  than  Serum  77 ;  on  ultrafil- 
tration the  curve  is  greatest  in  the  lower  dilutions,  but  extends  over  less 
dilutions  than  the  ultrafiltrate  or  Serum  77.  Serum  76,  which  gives  a 
100  per  cent,  positive  Wassermann  reaction,  shows  a  marked  diminu- 
tion of  the  curve  by  ultrafiltration,  but  what  reduction  there  is  occurs 
in  the  first  tubes. 
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TABLE  21. — DiALYZED   Serums 


No.  State 

III.  Normal 

IV.  Normal 

V.  Normal 

1.  Syphilitic,  diluted  24  times,  Wassermann  VO  per  cent. 


Colloidal  Gold  Test 
0000012  4522100 
0012341245300 
0  0  013  2  145531210 
13131431000 


TABLE  22. — Ultr.\filtr.\te  of  Syphilitic  .and  Nonsyphilitic  Serums* 


Globulin 


No. 

Svpliilitic .■ I 

II 

Normal I 

II 

10.  Syphilitic I 

II 

11.  Normal II 

12.  Syphilitic I 

II 

13.  Wassermann  negative...        1 

II 

15.  Syphilitic I 

II 

16.  Syphilitic I 

II 

19.    Syphilitic I 

II 

18.    Normal I 

II 

IT.    Normal I 

II 

21.  Normal I 

II 

22.  Normal I 

II 

23.  Syphilitic I 

II 

24.  Syphilitic I 

II 

25.  Normal I 

II 

26.  Normal I 

II 

27.  Syphilitic I 

II 

28.  Syphilitic I 

11 
31.    Wassermann,  10  per  cent.       I 

II 
43 I 

II 

75.  Syphilitic:    Wasscrnn.nn       I 

negative  II 

76.  Syphilitic;   Wassermann       I 

lOO  per  cent  II 

7".    Normal 1 

II 

78.    Wassermann,  60  per  cent.       I 

II 


Colloidal  Gold  Curve  * 

Original 

Filtered 

Ratio 

0223  3  33455 
0123444444 

320 

20 

l(i  :  1 

00000000125 
0012243210 

320 

40 

8  :  1 

000000011454  2 
0001343000 

640 

16 

40  :  1 

0  0±  1  1  0  0  0  0  0 

000000  0-1-1234100 
000123310000 

00000  0-1-14543100 
0  0  1  1  1  1  122244200 

524 

32 

16  :  1 

0  0  0  0  0  O-t— 1-  12  3  5  3  1-1-0 
0  0Hr±l  432100000 

524 

8 

65  :  1 

0  0  0  0  0  0  0+2  3  3  4  3  10 
00  0-4-123431000 

262 

8 

32  :  1 

00  0-1-12  2  235542110 
0-1-125332331000 

524 

32 

16  :  1 

000  OH- 123333344310 
00  0±112455  2±0  0 

524 

64 

8  :  1 

0000011223455210  0 
000  0-)- 2123443100 

524 

128 

4  :  1 

0000012  333343210 
000122223431000 

256 

64 

4  :  1 

000000122334  3-f- 00 
0012222321000 

256 

34 

4  :  1 

0000123355554300 
00244321000 

512 

32 

16  :  1 

00001443434443210 
123343332  1±00 

256 

8 

32  :  1 

0000123333443210 
0112234334332100 

1,024 

25<i 

4  :  1 

0001012222433100 
0  0±1112333  2±0 

1,024 

2.J6 

4  :  1 

0  0  0  0  I'll  123  3  443^-0  0 
00  0-1-1123332100 

1.024 

124 

8  :  1 

0000011222354  2-1-0 
0± 12233344423 

512 

32 

16  :  1 

00000000113330  0 
0  0±0  0±1  1  1±0 

512 

64 

8  :  1 

000012212544210 
155555421000 

1,600 

20 

80  :  1 

0000025555555531 
555542100 

i,eoo 

32 

50  :  1 

00000012555554 
4  2  0  0  000 

1,600 

2 

SCO  :  1 

00012  1555555431 
55555500 

1,(00 

80 

20  :  1 

000011125555521 
55555410000 

*  The  curves  given  in  this  and  other  tables  are  obtained  by  extending  the  dilutions,  as 
made  in  the  usual  colloidal  gold  test,  up  to  flftetn  or  more  tubes  as  necessary,  to  reach  the 
dilution  at  which  no  reduction  occurs. 
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There  are  some  noteworthy  facts  in  the  portion  of  Table  22  having 
to  do  with  the  globuHn  ratio.  For  example,  Nos.  25  and  26  (ultra- 
filtrates)  have  the  same  amount  of  globulin,  but  the  curves  are  distinctly 
different.  Ultrafiltrate  26  has  thirty-two  times  as  much  globulin  as 
No.  24,  yet  the  latter  gives  much  the  stronger  curve. 

Relation  of  the  Globulin  and  Albumin  Ratio  to  the  Colloidal  Gold 
Curve. — Table  23  gives  the  ratio  of  globulin  and  albumin  in  the  original 
and  filtered  serums  as  well  as  the  proportion  of  each.  It  is  notable 
that  the  curves  vary  distinctly,  although  the  globulin  to  albumin  ratio 
remains  the  same  and  even  when  the  total  albumin  and  the  total 
globulin  is  the  same  in  nonsyphilitic  serums  there  is  variation  in  the 
curve. 

Serums  5,  9,  10,  26,  27  and  29  have  the  same  ratio  in  each  indi- 
vidual case  between  the  globulin  and  the  albumin  in  the  original  and 
ultrafiltrate.  In  the  original  serums  the  globulin :  albumin  ratio  is  the 
same  in  Serums  5,  27  and  31  ( 1 : 4)  ;  in  Serums  9,  10,  28  and  32  ( 1 :  2)  ; 
in  Serums  25  and  26  ( 1 :  1 ) .  In  serums  with  the  same  ratio  there 
is  distinct  variation  in  the  curve ;  the  same  is  true  of  the  ultrafiltrates. 

TABLE  24. — Ultrafiltration  of   Cerebrospinal  Fluid 

Original 55    5    4310000 

Ultrafiltrate 210000000(1 

Original 0000    0    0000    0 

Ultrafiltrate 0000000000 

Original 0112331000 

Ultrafiltrate 0000000000 

Original 0    0    0    0    13    5    5    5    3 

Ultrafiltrate 3210000000 

Original.... 2    3    4553    2    000 

Ultrafiltrate 4432100000 

On  the  other  hand,  serums  or  ultrafiltrates  with  marked  differences 
in  the  ratio  may  give  similar  curves,  as,  ultrafiltrates  26  and  27. 

The  same  total  amounts  of  globulin  and  albumin,  as  well  as  the 
same  ratio,  do  not  determine  similar  curves,  as  is  noted  on  the  original 
serums  31  and  32,  and  ultrafiltrates  9  and  10. 

Ultrafiltrate  28  is  interesting  in  that  the  globulin :  albumin  ratio  is 
1  :  16,  yet  the  colloidal  gold  reaction  is  stronger  than  in  Serum  27,  also 
a  syphilitic  serum,  with  a  ratio  of  1 :  4  or  in  Serum  10  with  a  ratio 
of  1 : 2. 

From  this  table  it  is  apparent  that  the  globulin:  albumin  ratio  is 
not  the  determining  factor  in  the  colloidal  gold  curve ;  also  that  albumin, 
per  se,  does  not  tend  to  make  negative  curve. 

Ultrafiltration  of  Cerebrospinal  Fluid. — A  3  per  cent,  coating  of  the 
papers  was  used  for  the  ultrafiltration  of  cerebrospinal  fluid. 

The  ultrafiltration  lessens  the  intensity  of  the  curve  and  changes 
the  zone  of  reduction  to  the  tube  of  low  dilution.  A  fluid  giving  a 
strong  meningetic  curve  in  the  original  gives  a  weak  curve  in  Zone  I 
after  ultrafiltration  (Table  24). 
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MISCELLANEOUS 

In  this  group  we  include  various  unrelated  experiments  made  with 
the  purpose  of  noting  the  effect  of  various  factors  and  conditions  on 
the  colloidal  gold  curve  and  also  precipitin  and  anaphylactic  tests  with 
the  cerebrospinal  fluid. 

Additional  amounts  of  the  salt  solution  were  used  with  cerebro- 
spinal fluids,  giving  negative  and  positive  curves.  With  the  addition  of 
0.5  c.c.  of  0.4  per  cent,  sodium  chlorid  solution  to  each  tube  no  curves 
were  obtained  in  normal  fluids,  but  in  positive  fluids  the  curves  were 
intensified  and  tended  to  be  more  marked  in  the  lower  dilutions. 

(a)  Usual   method:     0123310000 
(b)   Usual  method — 0.5  c.c.  salt  solution  to  each  tube: 

1233431000 

a.  0111000000 

b.  0111000000 

a.  0001310000 

b.  0001332100 

a.  0000110000 

b.  0001231000 

Using  0.2  c.c.  of  equal  parts  of  cerebrospinal  fluid  and  water  gave 
the  following  curve  as  compared  with  0.2  c.c.  of  the  undiluted  fluid. 

Original    5  5553100  0  0 

Diluted    5  543  100000 

The  curve  is  similar  but  less  extensive  in  the  diluted  fluid.  Several 
experiments  were  done  in  which  fluids  giving  similar  or  dissimilar 
curves  were  mixed  in  equal  parts  and  allowed  to  evaporate;  distilled 
water  to  the  amount  of  one  half  the  original  volume  of  the  mixture 
was  added  and  the  usual  0.2  c.c.  of  this  was  used  in  the  colloidal  gold 
test;  this  gave  the  same  amount  of  the  substances  in  the  fluids  as 
though  0.2  c.c.  of  each  had  been  used.  The  curves  from  the  original 
and  mixed  fluids  were : 

Original  Case.    C 55553  100  00 

Original  Case.   M 3  444210000 

Mixture   0013443100 

In  this  instance  the  curve  of  the  mixture  is  entirely  unlike  the 
original  and  is  less  marked. 

Original  Case.   C 5555310000 

Original   Case.   B 1223210000 

Mixture    1455555100 

In  this  instance  the  mixture  of  a  fluid  with  a  weak  curve  with  one 
giving  a  strong  curve  results  in  a  different  but  more  extensive  curve 
than  either  of  the  originals. 
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Globulin  from  a  normal  serum  was  diluted  to  the  point  where  the 
globulin  test  was  one  faintly  positive. 

3334554200 

A  dilution  of  three-fifths  gave  a  reduction  to  "2"  and  a  dilution  of 
one-fifth  to  "3." 

To  5  CO.  of  colloidal  gold  0.1  c.c.  of  normal  globulin  in  water  was 
added,  giving  a  reduction  to  "2";  when  1  c.c.  of  0.4  per  cent,  salt  was 
added  further  color  change  to  "3"  occurred. 

A  spinal  fluid  was  boiled  and  filtered  through  ordinary  filter  paper. 

Original    5555431000 

Filtered    013  1100000 

Original     2345532000 

Filtered    00  00  000000 

A  mixture  of  albumin  and  globulin  was  made  in  the  ratio  of  2:1; 
in  the  test,  therefore,  two  thirds  as  much  albumin  and  one  third  as 
much  globulin  would  be  used  as  in  the  original  tests. 

Original  albumin     0  0  0  10  0  0  0  0  0 

Original  globulin   1313143100 

Mixture    0112343100 

The  curve  is  not  markedly  diminished  by  using  only  one  third  the 
amount  of  globulin  and  in  spite  of  two  thirds  of  supposedly  protective 
albumin. 

In  the  first  tube  there  was  placed  0.2  c.c.  cerebrospinal  fluid  '"a," 
0.04  c.c.  albumin  solution  and  1.8  c.c.  salt  solution  and  dilutions  made 
as  usual. 

Original  "a" 4455533200 

Mixture    ' 1223321000 

This  experiment  was  done  using  0.02  c.c.  albumin  solution. 

1443321000 

The  albumin  in  this  instance  tends  to  diminish  the  curve  and  to 
change  the  zone  of  reduction. 

Protective  Power  of  Cerebrospinal  Fluid  and  Scrum  in  Relation  to 
Colloidal  Gold  Reaction. — There  are  present  in  cerebrospinal  fluid  and 
blood  certain  substances  which  act  in  a  protective  way  against  the 
coagulation  of  colloidal  gold  by  an  electrolyte.  In  experiments  having 
to  do  with  the  protective  power  of  various  substances  sufficient  amount 
of  salt  solution  is  used  to  entirely  precipitate  the  gold.  For  this  purpose 
0.15  c.c.  of  a  10  per  cent,  sodium  chlorid  solution  was  used  with  2.5  c.c. 
of  the  colloidal  grold  solution. 
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The  protective  power  of  cerebrospinal  fluids,  serums,  globulins, 
albumins  and  ultrafiltrates  of  cerebrospinal  fluids  and  serums  was 
determined.  It  is  recognized  that  the  determinations  are  not  absolute 
as  the  precipitating  substance  is  also  present  and  various  amounts  of 
the  protective  substance  are  required  to  neutralize  the  precipitating 
action. 

REPORT     OF     EXPERIMENTS 

In  the  following  experiments  the  lower  figure  represents  the  degree 
of  reduction  in  the  colloidal  gold  as  estimated  in  the  usual  colloidal 
gold  test : 


c.c. 

Insalt 0.01 

Colloidal  gold 1 

Syphilitic  in  water 0.15 

0 

Sormal  in  water 0.15 

0 

IV  in  water 0.05 

5 

VII  in  water 0.15 

1 

VIII  in  water 0.15 

0 

Xormal  in  water 0.05 

1 

Syphilitic  in  salt 0.01 

Above  globulin  boiled  and  filtered  0.01 
through  filter  paper  2 

Xormal 0.02 

0 

Svphilitie 0.01 

4 

SvphiUtic 0.01 

0 

Syphilitic 0.05 

0 

Above  boiled  and  filtered 0.04 

0 

SERUMS:  I  = 

Normal I    0.04 

0 

Normal I    0.012 

0 

Above II    0.01 

0 

Syphilitic II    0.01 

0 

Syphilitic I     0 

11      1 

Syphilitic I      0 

II      1 

Xormal I  5 

Syphilitic I  0 

Normal II  0 

Syphilitic I  0 


GLOBULIN 

C.c. 

c.c. 

0.0025 

C.c. 

0.C012 

C.c. 

0.0006 

C.c. 

3 

5 

5 

5 

0.1 
0 

0.05 
0 

0.03 
1 

0.02 

1 

0.1 
0 

0.05 
1 

0.03 
2 

0.02 
3 

0.01 
5 

0.04 
5 

0.03 
5 

0.1 

0.1 
3 

1 

0.01 
4 

0.005 
5 

0.0025 
5 

0.005 
3 

0.0025 
5 

0.0O12 
5 

i 

0.0O5 
5 

0.0025 
5 

O.0O12 
5 

1 

ALBUMIN 

1 

0.01 
1 

0.005 

1 

0.0025 
2 

0.0012 
4 

0.0006 
5 

0.005 
5 

0.0025 
5 

O.0O5 
2 

0.0025 
5 

.  0.0012 
5 

0.04 
0 

0.03 
0 

0.02 

1 

0.01 
3 

0.005 
5 

0.0O25    O.0O12 
5            5 

0.03 
0 

0.02 
0 

0.01 

1 

0.CO5 
3 

0.0025 
5 

0.0012 
5 

ORIGINAL;   II 

=   FILTRATE 

0.03 
0 

0.02 

1 

0.01 
2 

0.006 
0 

0.003 
1 

0.0015 

2 

1 

0.005 
1 

0.0025 
2 

0.0012 
3 

0.0006 

4 

0.0003 
5 

0.005 

1 

0.0025 
2 

0.0012 
3 

0.0006 
4 

0.0003 
4 

0.00015    0.00007 
5 

0 
2 

0 
3 

1 
4 

1 
4 

3 

5 

4 
5 

0 
5 

0 
5 

0 
5 

1 

1 

3 

5 

0 

0 

1 

1 

3 

1 

2 

3 

4 

5 

0 

0 

1 

2 

3 

5 
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CEREBROSPINAL 

FLUID 

(Colloidal  gold,  negative") 

0.06 

0 

0.05 
0 

0.04 
0 

0.03 
1 

0.02 
3 

0.01 
5 

(Colloidal  gold, 

011233210  0) 

0.06 
0 

0.05 
0 

O.04 
0 

0.03 
0 

0.02 
0 

0.01        0.0075      0.0032 
14              5 

(Colloidal  gold,  negative) 

0.06 
0 

0.05 
0 

0.04 
0 

0.03 
1 

0.02 

0.01 
5 

(Colloidal  gold, 

555542100  0) 

0.06 

1 

0.05 
2 

0.04 
2 

0.03 
5 

0.02 
5 

(Colloidal  gold, 

234433200  0) 

0.06 
0 

0.05 
0 

0.04 
0 

0.03 

0.02 

2 

0.01 
5 

(Colloidal  gold, 

555543100  0) 

0.04 
0 

0.02 
3 

0.01 

(Colloidal  gold, 

012443100  0) 

0.06 
0 

0.O4 

1 

0.03 
5 

0.02 
5 

Original  cerebrospinal  fluid 

0.06 
0 

0.01 
0 

003 
2 

0.02 
2 

0.01 
5 

•Above  with  0.05  e.c.  glycerin  to 
1  c.c.  cerebrospinal  fluid 

0 

0 

0 

1 

3 

- 

Original  with  equal  parts  of  90 
per  cent,  alcohol  filtered  twice 
and  alcohol  evaporated 

Ultraflltrate 

0 
0.2 

1 

0.1 

2 

0.06 
5 

0.015 
4 

0.0075 

0 

(Colloidal  gold, 

234553200  0) 

0.06 
0 

0.05 
0 

0.04 
0 

0.03 
1 

0.02 

0.01 
5 

( 

tbove  ultraflltrate 

1.0 
0 

0.5 
2 

0.3 
5 

0.15 
5 

Colloidal  gold, 

443210000  0) 

Above  original  boiled  and  filtered 
(Colloidal  gold, 

000000000  0) 

0.03 
0 

0.01 
4 

O.0O5 
5 

Dementia     paralytica,     cerebro- 
spinal fluid,  ultraflltrate 

0.1 
5 

0.06 
5 

Precipitin  Test  of  Cerebrospinal  Fluid. — 1.  Precipitin  test  of  spinal 
fluid  with  an  antinormal  human  serum  rabbit  serum :  A  rabbit  was 
injected  with  0.5  c.c.  of  a  normal  human  serum  intravenously.  Four 
days  later  the  rabbit  was  injected  again  with  0.9  c.c.  of  a  normal  human 
serum  intravenously.  Four,  eight,  seventeen,  twenty-one  and  twenty- 
five  days  later,  after  the  second  injection,  the  rabbit  was  injected 
intraperitoneally  with  1.5  c.c,  2.0  c.c,  0.5  c.c,  1.0  c.c  and  2  c.c, 
respectively.     The  rabbit  was  bled  seven  days  after  the  last  injection. 

The  titer  of  the  immune  serum  was  1 :  2,948,  that  being  the  highest 
dilution  of  the  normal  human  serum,  which  gave  a  definite  precipitate 
with  the  mixture  of  the  antihuman  serum  rabbit  serum  after  two  hours 
in  an  incubator  at  38  C.  The  precipitin  test  of  the  spinal  fluid  (normal 
spinal  fluid,  fluid  from  cases  of  dementia  paralytica,  cerebrospinal 
syphilis  and  tabes)  with  the  antinormal  human  serum  rabbit  serum  was 
done.  In  one  case  the  test  was  positive  in  the  dilutions  of  1:2,  1 :  32, 
1 : 8  and  1 :  8  with  the  spinal  fluid  of  normal,  dementia  paralytica, 
cerebrospinal  syphilis  and  tabes,  respectively,  at  the  end  of  the  second 
hour.  At  the  end  of  the  third  hour  the  test  was  positive  in  the  dilution 
of  1:8,  1 :  32,  1  :  32  and  1 :  32,  with  the  spinal  fluid  (normal,  dementia 
paralytica,  cerebrospinal  syphilis  and  tabes),  respectively. 
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In  another  case  the  precipitin  test  of  the  spinal  fluid  (dementia 
paralytica,  cerebrospinal  syphilis  and  tabes)  with  the  antinormal  human 
serum  rabbit  serum  was  positive  in  the  dilution  of  1 :  32  for  all  the 
spinal  fluids  at  the  end  of  second  and  third  hours. 

2.  Precipitin  test  of  spinal  fluid  with  an  antispinal  fluid  ( dementia 
paralytica)  rabbit  serum.  A  rabbit  was  injected  with  2  c.c.  spinal 
fluid  from  a  case  of  dementia  paralytica  intravenously.  The  rabbit  was 
injected  intravenously,  with  4,  6  and  8  c.c.  respectively,  three,  seven 
and  fifteen  days  after  the  first  injection.  The  rabbit  was  injected 
intraperitoneally  with  2,  4  and  6  c.c.  of  the  spinal  fluid  from  a  case  of 
dementia  paralytica  after  fourteen,  nineteen,  and  twenty-eight  days, 
respectively,  from  the  first  intravenous  injection.  The  rabbit  was  bled 
eight  days  from  the  last  intraperitoneal  injection.  The  titer  of  the 
immune  serum  was  1 :  512,  which  was  the  highest  dilution  of  the  spinal 
fluid  of  dementia  paralytica,  which  gives  a  definite  precipitate  with  the 
mixture  of  the  immune  serum  after  two  hours  in  the  incubator  at  38  C. 

Precipitin  test  on  spinal  fluid  (normal,  dementia  paralytica  and 
tabes)  with  the  antispinal  fluid  (dementia  paralytica)  rabbit  serum 
was  done. 

In  one  case  the  test  was  positive  in  the  dilution  of  1  :  32.  1 :  512 
and  1 :  256  of  the  spinal  fluid  (normal,  dementia  paralytica  and  tabes) 
with  the  antispinal  fluid  (dementia  parahiiica)  rabbit  serum,  respec- 
tively, at  the  end  of  the  second  hour. 

In  another  case  the  test  was  positive  in  the  dilution  of  1  :  256  and 
1 :  128  on  the  spinal  fluid  (dementia  paral}i:ica  and  tabes)  with  the 
antispinal  fluid  (dementia  paralytica)  rabbit  serum  at  the  end  of  the 
second  hour. 

Atiaphylaxis  Test  ■untJi  Syphilitic  Cerebrospinal  Fluid. — Six  guinea- 
pigs  were  sensitized  with  intraperitoneal  injections  of  1  c.c  of  the 
cerebrospinal  fluid  from  cases  of  dementia  paralytica.  Twelve  days 
later  one  of  the  sensitized  guinea-pigs  was  tested  by  the  intracranial 
injection  of  0.5  c.c.  of  spinal  fluid  from  a  case  of  dementia  paralytica. 
There  was  no  reaction.  Twenty-eight  minutes  later  a  second  injection 
of  the  same  amount  was  given,  also  with  no  reaction,  and  thirty-five 
minutes  later  a  third  injection  of  0.5  c.c.  was  given  intracranially  still 
with  no  reaction.  The  anaphylaxis  test  was  then  negative  with  1.5  c.c. 
spinal  fluid  on  the  twelfth  day  after  the  sensitization  of  a  guinea-pig 
by  1  c.c.  of  cerebrospinal  fluid  from  a  case  of  dementia  paralytica. 
On  the  sixteenth  day  one  of  the  guinea-pigs  was  injected  intracranially 
with  1  c.c.  cerebrospinal  fluid  from  a  case  of  dementia  paralytica.  The 
anaphylaxis  test  \x^s  also  negative  in  this  instance.  The  third  guinea- 
pig  was  taken  from  the  sensitized  group  on  the  twenty  second  day  and 
0.5  c.c.  of  cerebrospinal  fluid  was  injected  intracranially.  In  the  first 
and  second  minute  after  injection  there  were  strong  convulsions.     Five 
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minutes  later  there  was  passing  of  feces.  Seven  minutes  later  the 
guinea-pig  was  biting  the  floor.  Seven  minutes  later  the  guinea-pig 
was  very  calm.  Twenty-seven  minutes  after  the  injection  there 
was  again  passing  of  the  feces,  and  forty-seven  minutes  after  the 
guinea-pig  appeared  sick,  but  had  no  convulsion.  The  guinea-pig  died 
the  following  day.  The  anaphylaxis  test  was,  therefore,  positive  with 
0.5  c.c.  of  dementia  paralytica  spinal  fluid  on  the  twenty-second  day 
after  the  sensitization  of  the  guinea-pig  with  1  c.c.  cerebrospinal  fluid. 
On  the  twenty- fourth  day  another  guinea-pig  was  injected  intracranially 
with  0.8  c.c.  of  cerebrospinal  fluid  from  a  case  of  dementia  paralytica. 
Six  minutes  after  injection  there  was  a  strong  convulsion.  Eight 
minutes  later  there  was  opisthotonus.  Ten  minutes  later  the  guinea-pig 
appeared  relaxed  and  died  eleven  minutes  after  the  injection.  The 
anaphylaxis  test  was,  therefore,  strongly  positive  with  0.8  c.c.  spinal 
fluid  from  a  case  of  dementia  paralytica  on  the  twenty- fourth  day  after 
sensitization  of  the  guinea-pig  with  1  c.c.  of  such  spinal  fluid. 

A  normal  guinea-pig  was  injected  intracranially  with  0.8  c.c.  spinal 
fluid  of  dementia  paralytica.  Ten  minutes  later  it  was  injected  again 
with  1  c.c.  of  the  same  spinal  fluid.  There  was  no  reaction  after  the 
injection  in  either  case.  Therefore,  the  anaphylaxis  test  was  negative 
with  1.8  c.c.  spinal  fluid  of  dementia  paralytica  on  the  normal 
guinea-pig. 

On  the  twenty-fourth  day  one  of  the  guinea-pigs  which  was 
sensitized  with  spinal  fluid  of  dementia  paralytica  was  injected  intra- 
cranially with  0.8  c.c.  spinal  fluid  from  a  case  of  cerebrospinal  syphilis. 
Eleven  minutes  later  the  guinea-pig  was  again  injected  intracranially 
with  0.7  c.c.  spinal  fluid  from  a  case  of  cerebrospinal  syphilis.  The 
guinea-pig  was  sick  after  the  injection  in  both  cases,  but  had  no  con- 
vulsion. The  anaphylaxis  test  was  weakly  positive  with  1.5  c.c.  spinal 
fluid  from  a  case  of  cerebrospinal  syphilis  on  the  twenty- fourth  day 
after  sensitization  of  the  guinea-pig  with  1  c.c.  spinal  fluid  of  dementia 
parahiiica. 

Passive  Anaphylaxis  Test  zvith  a  Spinal  Fluid  of  Dementia  Para- 
lytica.—\  rabbit  was  injected  intravenously  with  0.5  c.c.  spinal  fluid 
and  with  1,  2  and  2  c.c.  spinal  fluid  intravenously  on  the  fourth, 
seventh  and  tenth  days,  respectively,  after  the  first  injection.  The 
rabbit  was  injected  with  6,  6  and  8  c.c.  spinal  fluid  from  a  case  of 
general  paralysis  intraperitoneally  on  the  fourteenth,  seventeenth  and 
twenty-first  days,  after  the  first  injection.  The  rabbit  was  bled  six  days 
after  the  last  injection.  The  titer  of  the  serum  was  1 :  256,  which  was 
the  highest  dilution  of  the  spinal  fluid  of  general  paralysis  that  gives 
a  definite  precipitate  with  the  immune  rabbit  serum  in  the  mixture  of 
the  spinal  fluid  of  general  paralysis  and  the  immune  rabbit  serum  after 
one  hour  in  an  incubator  at  38  C. 
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Five  guinea-pigs  were  injected  with  1  c.c.  each  of  an  antispinal  fluid 
(general  paralysis)  rabbit  serum  intraperitoneally.  Forty-eight  hours 
later  one  of  the  guinea-pigs  was  injected  with  0.4  c.c.  spinal  fluid  of 
dementia  paralytica.  Eight  minutes  later  the  guinea-pig  was  injected 
with  0.6  c.c.  of  the  same  spinal  fluid.  Ten  minutes  later  it  was  biting 
on  the  floor,  but  had  no  convulsion.  Thirty-five  minutes  later  it  was 
still  sick. 

One  of  five  guinea-pigs  which  were  injected  with  immune  serum 
forty-eight  hours  before,  was  injected  intracranially  with  1  c.c.  of  a 
spinal  fluid  from  a  case  of  dementia  paralytica.  Two  minutes  later 
there  was  a  convulsion.  Two  minutes  later  the  guinea-pig  was  biting 
on  the  floor.  Seven  minutes  later  the  guinea-pig  was  injected  with 
0.5  c.c.  of  the  spinal  fluid.  (Jne  hour  later  the  guinea-pig  was  still  sick 
but  had  no  convulsion. 

One  of  five  guinea-pigs  injected  with  immune  serum  forty-eight 
hours  before  was  injected  with  1  c.c.  spinal  fluid  from  a  case  of 
dementia  paralytica  intracranially.  One  minute  later  it  was  injected 
again  with  0.5  c.c.  of  the  spinal  fluid.  One  minute  later  there  was 
convulsion.  Three  minutes  later  there  was  passing  of  urine.  Thirty- 
five  minutes  later  the  guinea-pig  was  still  sick. 

Another  one  of  the  guinea-pigs  was  injected  with  0.5  c.c.  spinal 
fluid  from  a  case  of  dementia  parah^ica.  One  minute  later  there  was 
a  strong  convulsion.  Two  minutes  later  the  guinea-pig  was  biting  on 
the  floor.  Twenty-five  minutes  later  the  guinea-pig  was  still  sick,  but 
had  no  convulsion. 

A  fifth  guinea-pig  was  injected  intracranially  with  1  c.c.  spinal 
fluid  from  a  case  of  dementia  paralytica.  One  minute  later  there  was  a 
convulsion.  Two  minutes  later  the  guinea-pig  was  biting.  One  hour 
later  the  guinea-pig  was  still  sick,  but  had  no  convulsion. 

A  normal  guinea-pig,  which  was  not  injected  with  immune  serum, 
was  injected  intracranially  with  1  c.c.  spinal  fluid  from  a  case  of 
dementia  paralytica.  There  was  no  reaction  and  the  guinea-pig  was 
not  sick. 

The  passive  anaphylaxis  test  with  spinal  fluid  of  dementia  paralytica 
was  investigated  on  the  guinea-pig  which  was  injected  with  an  anti- 
spinal  fluid  (general  paralysis)  immune  rabbit  serum  forty-eight  hours 
previously.  In  one  test  of  five  cases  we  could  find  no  reaction  of  the 
passive  anaphylaxis  with  the  injection  of  1  c.c.  spinal  fluid  from  a  case 
of  dementia  paralytica.  In  the  other  four  cases  we  found  a  weak 
positive  reaction  of  passive  anaphylaxis  with  the  intracranial  injection 
of  1,  1.5,  0.5  and  1  c.c.  spinal  fluid  from  cases  of  dementia  paralytica 
on  the  guinea-pigs,  respectively,  which  were  injected  with  1  c.c.  anti- 
spinal  fluid  (general  paralysis)  immune  rabbit  serum  intraperitoneally 
after  forty-eight  hours. 
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DISCUSSION 

It  is  evident  from  these  experiments  that  two  factors  are  concerned 
in  the  colloidal  gold  reaction.  In  fluids  giving  a  curve  there  is  present 
a  precipitating  substance;  there  may  also  be  present  a  protective  sub- 
stance which  modifies  the  action  of  this  substance. 

Globulin  has  commonly  been  regarded  as  the  active  constituent  of 
the  fluid  giving  the  colloidal  gold  curve.  It  has  also  been  suggested 
that  albumin  acts  protectively,  and  that  the  different  types  of  curves 
are  due  to  varying  ratios  of  the  globulin  and  albumin. 

A  study  of  Table  18  shows  that  globulin  usually  gives  a  curve  in 
Zone  I,  but  may  give  a  curve  in  Zone  II.  Table  19,  giving  the  curves 
obtained  from  fluids  not  shaken:  (a)  globulin  in  salt  solution  and  (6) 
globulin  in  water,  is  interesting  because  of  the  fact  that  the  curves  tend 
toward  Zone  II.  It  is  evident  that  globulin  alone  is  capable  of  causing 
zonal  reactions. 

Albumin  may  give  no  precipitation  of  the  colloidal  gold,  but  in  some 
instances  it  gives  a  well  marked  curve,  usually  in  the  second  zone. 
While   some   of   the  curves    from  the   albumin   preparations   were   as 

TABLE  25. — Protective  Action  of  Globulin  and  Albumin 

C.c.  ol  Globulin  or  Albumin  Added  to  Gold  Solution 

Color  Change  in  Colloidal  Gold  Solution 

Globulin 

Albumin 


0.03 

0.02 

0.01 

0.005 

0.0O2.-. 

0.0012 

0 

0 

0 
1 

1 

3 

3 
5 

5 
5 

5 

marked  as  those  from  globulin,  it  is  apparent  that  albumin  has  less 
precipitating  power,  as  a  rule,  than  globulin. 

Salt  solutions  have  a  precipitating  action  on  colloidal  gold.  For 
study  of  the  comparative  protective  power  of  globulin  and  albumin 
against  these,  solutions  of  equal  strength  of  the  two  were  used.  It 
is  evident  from  the  tables  relating  to  the  protective  action  of  albumin 
and  globulin  that  globulin  has  a  decided  protective  action,  even  more 
striking  than  that  of  albumin. 

Table  25  shows  the  protective  action  of  globulin  and  albumin  from 
the  same  serum  and  used  in  equal  amounts  in  salt  solution. 

From  common  knowledge  alone  of  the  albumin-globulin  ratio  in 
pathologic  cerebrospinal  fluids  it  does  not  seem  likely  that  the  curves 
are  due  primarily  to  the  proportion  of  these  substances.  Kafka  -•*  finds 
the  ratio  in  dementia  paralytica  to  range  from  7 :  3  to  5 :  1 ;  in  cerebro- 
spinal syphilis,  12:1,  and  in  meningitis  it  is  most  commonly  6:1. 
Further,  the  fact  that  curves  are  obtained  from  fluids  giving  a  negative 
globulin  test  and,  on  the  other  hand,  are  not  always  present  with  fluids 


24.  Kafka :     Ueber    den    heutigen    Stand    der    Liquor    diagno.stik.    Miinchen. 
med.  Wchnschr.   62:105,   1915. 
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giving  a  positive  globulin  reaction  is  suggestive  that  the  albumin- 
globulin  ratio  is  not  the  determining  factor  in  the  colloidal  gold 
reaction. 

Table  18,  giving  various  globulin  ratios  with  reference  to  the 
colloidal  gold  curve,  and  Table  23,  showing  the  albumin-globulin  ratio, 
present  a  definite  lack  of  parallelism  between  the  total  or  proportional 
amounts  of  these  substances  and  the  colloidal  gold  curve. 


53^^12       1000 
Curve  in  jone  I. 


0      0       2       113       1 
Curve  in  ^one  E 


0      0       0 


00002155li 
Curve  in  ^one  IT. 

The  fact  that  globulin  has  a  definite  protective  action  against  salt 
solutions  and  that  this  power  may  be  greater  than  that  of  albumin  is 
further  evidence  that  the  albumin-globulin  ratio,  per  se,  is  not  the 
determining  factor  in  the  production  of  the  curve. 

From  these  experiments  it  is  evident  that  both  albumin  and  globulin 
may  exhibit  precipitating  and  protecting  action.  The  degrees  of  pro- 
tection by  the  same  globulin  may  be  varied  by  changing  the  state  of  the 
globulin. 

The  ultrafiltration  experiments  showing  a  much  greater  decrease 
of  the  protecting  than  the  precipitating  substance  in  the  ultrafiltrate 
would  seem  to  indicate  that  the  protective  molecule  is  the  larger.    As  to 
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what  causes  this  alteration  in  the  proteins,  or  whether  it  is  due  to  the 
combination  with  some  substance,  such  as  Hpoid,  we  have  no  evidence. 

Colloidal  gold  curves  are  dependent,  therefore,  on  the  ratio  of  the 
precipitating  and  protecting  substances.  Since  our  experiments  show 
that  these  substances  are  present  in  varying  amounts  and  that  their 
precipitating  and  protective  power  decreases  on  dilution  with  varying 
degrees  of  rapidity,  we  may  conclude  that  curves  in  Zones  I,  II  and  III 
are  due  to  various  combinations  of  these  substances.  If  the  pre- 
cipitating substance  markedly  predominates  over  the  protecting  sub- 
stance there  results  a  curve  in  Zone  I.  If  the  protective  power  pre- 
dominates over  the  precipitating  power  in  the  low  dilutions,  but  rapidly 
diminishes  with  higher  dilutions,  a  curve  in  Zone  II  is  obtained.  If 
both  precipitating  and  protecting  substances  are  present  in  considerable 
amounts,  but  the  protective  substance  diminishes  with  dilution  more 
rapidly  than  the  precipitative  substance,  a  meningitic  type  of  curve  is 
the  result.  The  accompanying  illustration  gives  a  graphic  representa- 
tion of  the  three  types  of  curves. 

CONCLUSIONS 

1.  Positive  colloidal  gold  reactions  are  due  to  the  presence  of 
precipitating  substances. 

2.  Both  precipitating  and  protecting  substances  are  present  in 
pathologic  cerebrospinal  fluid. 

3.  Curves  in  Zones  I,  II  and  III  are  due  to  varying  amounts  and 
proportions  of  the  precipitating  and  protecting  substances. 

4.  Albumin  and  globulin  may  possess  both  precipitating  and  pro- 
tecting power. 

5.  Ultrafiltrates  of  syphilitic  and  nonsyphilitic  serums  give  curves 
that  are  more  or  less  similar,  but  there  tends  to  be  a  greater  difference 
between  the  zones  of  reduction  of  the  original  and  filtered  serum  in 
syphilitic  than  in  normal  cases. 

6.  The  protecting  substance  is  decreased  by  ultrafiltration  to  a 
greater  degree  than  the  precipitating  substance. 

7.  Changes  in  the  state  of  the  protein  modified  precipitating  and 
protecting  powers. 

8.  The  salt  solution  used  in  the  colloidal  gold  test  partially  neutral- 
izes the  protective  action. 


AN     EFFICIENT     AND     PRACTICAL     METHOD     FOR 
THE     COUNTING     OF     RED     BLOOD     CELLS* 

THEO.     R.    WAUGH,    M.D. 

MONTREAL 

Dreyer  has  quite  recently  described  a  method  for  the  enumeration 
of  blood  cells  and  bacteria  without  the  use  of  a  counting  chamber. 
His  method  simulates  that  first  elaborated  by  Wright  for  the  covmting 
of  bacteria  in  that  it  is  dependent  for  its  determination  on  a  comparison 
of  the  relative  number  of  corpuscles,  which  are  of  known  titer  per 
unit  volume,  and  the  elements  to  be  counted.  It  dififers  principally, 
however,  and  has  a  much  broader  field  of  usefulness  in  that,  instead 
of  using  normal  erythrocytes  and  making  smears  for  examination, 
a  suspension  of  the  red  corpuscles  of  the  hen  carefully  titered  is 
used  as  a  standard  and  this  suspension  mixed  in  known  proportion 
with  the  elements,  i.e.  patient's  erythrocytes,  leukocytes,  etc.,  to  be 
counted  allows  for  examination  and  comparative  enumeration  under 
the  microscope.  He  points  out  the  following  distinct  advantages : 
( 1  j  it  can  be  used  with  equal  facility  for  counting  erythrocytes,  leuko- 
cytes and  bacteria;  (2)  it  does  away  with  the  use  of  a  costly  counting 
chamber;   (3)   it  is  quicker  and  less  fatiguing  to  the  eyes. 

The  method  is  to  be  commended  for  its  universality  and  accuracy ; 
however,  it  possesses  certain  disadvantages  which  greatly  interfere 
with  its  practical  clinical  employment  in  enumerating  erythrocytes. 
These  are:  (1)  although  the  blood  of  the  hen  is  obtainable  it  is  not 
a  common  laboratory  animal  or  readily  secured  in  many  hospitals ; 
(2)  the  differentiation  of  the  human  and  avian  erythrocytes,  while 
easy,  is  not  instantaneous;  (3)  the  method  recommended  for  diluting 
the  blood  and  then  adding  an  equal  volume  of  the  suspension  is  an 
extra  step  over  the  hemocytometer  method ;  (4)  the  use  of  a  suspension 
standardized  to  contain  about  20,000  corpuscles  per  cmm.  makes  calcu- 
lation of  the  patient's  er}'throcytes  mathematically  cumbersome.  These 
disadvantages,  though  they  in  no  way  interfere  with  the  accuracy 
of  the  method,  do  tend  to  limit  it  to  a  special  laboratory  technic  and 
remove  it  from  the  sphere  of  clinical  usefulness. 

To  overcome  these  disadvantages  a  procedure  has  been  devised 
which  has  been  found  to  be  practical  and  efficient.  Instead  of  avian 
er}i:hrocytes,  a  suspension  of  crenated,  fixed  and  stained  human  red 
blood  cells  is  employed.  This  suspension  is  made  up  to  contain  25,000 
cells  per  cmm. 


*  From   the   Pathological   Laboratories   of  the   Royal   Victoria   Hospital   and 
of  McGill  University. 

*  Aided  by  grant  from  the  Cooper  Fund. 
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Technic. — The  technic  for  enumeration  requires:  (1)  glass  stop- 
pered bottle  containing-  the  standard  suspension;  (2)  pipets  graded 
to  deliver  1  c.c.  and  0.005  c.c/ ;  (3)  test  tube,  plain  glass  slide,  and 
cover  slip. 

Preparation  of  the  Standard  Suspension. — -Fifty  c.c.  sterile  2  per 
cent,  sodium  citrate  in  0.85  per  cent,  saline  is  placed  in  a  sterile  300  c.c. 
Erlenmeyer  flask.  To  this  is  added  approximately  5  c.c.  blood  freshly 
drawn  from  a  vein  and  free  from  clot.  The  blood  should  come  from 
a  person  free  from  disease  which  alters  the  red  blood  cells,  as  anemia, 
etc.,  and  may  readily  be  obtained  at  the  time  of  taking  specimens 
for  routine  Wassermann  examination.  x\s  the  blood  is  added  the 
mixture  should  be  agitated  slowly  and  the  cotton  wool  plug  then 
replaced  in  the  mouth  of  the  flask.  The  flask  is  kept  at  room  tem- 
perature with  gentle  shaking  up  of  the  settled  corpuscles  daily  or 
oftener  to  prevent  their  becoming  too  firmly  precipitated  and  adherent 
at  the  bottom.  At  the  end  of  three  or  four  days,  depending  on  the 
rate  of  evaporation,  it  will  be  noted  that  the  color  has  changed  from 
a  bright  to  a  slightly  darker  red,  and  if  a  drop  is  examined  under 
the  microscope,  the  cells  will  be  found  darker,  smaller  than  when 
fresh  and  slightly  crenated.  Some  show  the  alteration  to  a  greater 
degree  than  others.     There  should  be  no  clumping. 

To  the  suspension,  when  the  cells  have  attained  this  appearance, 
is  added  200  c.c.  Hayem's  solution  made  up  according  to  the  following 
formula :  Sodium  chlorid,  1  gm. ;  sodium  sulphate,  5  gm. ;  mercuric 
chlorid,  0.5  gm. ;  distilled  water,  200  c.c.  This  must  be  filtered  and 
perfectly  clear.  It  should  be  borne  in  mind  that  all  glassware  employed 
throughout  the  process  of  preparing  the  suspension  must  be  perfectly 
clean  and  rinsed  in  distilled  water  and  all  solutions  free  from  insoluble 
dust  particles,  etc. 

It  is  convenient  if  the  suspension  be  now  transferred  to  a  tall, 
rather  narrow  glass  stoppered  bottle  which  will  hold  at  least  500  c.c. 
or.  better  still,  a  1,000  c.c.  graduated  glass  stoppered  cylinder.  During 
the  day  the  suspension  is  agitated  and  on  the  following  day  it  will  be 
found  to  have  become  light  brown  in  color.  The  supernatant  fluid  is 
then  siphoned  oft'  and  replaced  by  fresh  Hayem's  solution.  The  cells 
are  allowed  to  settle,  the  supernatant  fluid  is  withdrawn  and  fresh 
solution  is  again  added.  The  suspension  is  thus  practically  freed  of 
die  sodium  citrate  and  the  erv'throcytes  have  become  fixed.  Under 
the  microscope  they  appear  small,  crenated,  brownish  and  quite  highly 
refractile. 


1.  Capillary  pipets  to  measure  0.005  c.c.  may  be  obtained  from  the  Will  Cor- 
poration, Rochester,  N.  Y.,  or  the  Topley  Company,  Ottawa,  Ont. 
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The  cells  are  now  stained  by  adding  100  c.c.  filtered  eosin  solution 
such  as  is  employed  for  routine  tissue  staining  or  made  up  as  follows : 
Saturated  solution  of  water  soluble  eosin,  10  c.c. ;  distilled  water, 
85  c.c. ;  saturated  solution  of  picric  acid,  5  c.c,  filter.  The  mixture 
is  shaken  up  well  from  time  to  time  and  the  stain  is  allowed  to  act 
for  twenty-four  hours  at  the  end  of  which  time  the  supernatant  fluid 
is  siphoned  oft  and  replaced  by  Hayem's  solution.  The  excess  of  stain 
is  thus  removed  and  the  process  may  be  repeated  if  it  is  found  after 
settling   that   the   solution   still   contains   much   eosin. 

Titering  the  Suspension. — Depending  on  the  amount  of  blood  origi- 
nally obtained,  the  suspension  is  now  diluted  with  Hayem's  solution 
so  as  to  contain  approximately  25,000  cells  per  cmm.  Before  counting 
it  is  best  to  transfer  definite  amounts,  e.  g.,  250  or  300  c.c,  to  smaller 
glass  stoppered  bottles.  These  are  then  brought  to  exact  titer  of  25,000 
by  making  several  careful  counts  with  an  accurate  hemocytometer, 
fluid   being  added   or   withdrawn   after   settling  as   required. 

The  suspension  thus  prepared  is,  so  far  as  we  have  been  able  to 
judge,  absolutely  stable.  There  should  be  no  clumping  which  is 
inclined  to  occur  if  centrifugalization  is  employed.  The  cells  stand 
out  clearly  under  the  dry  high  power  of  the  microscope  as  pink  or 
red  irregularly  spherical  masses  about  5  microns  in  diameter. 

Teehnic  for  Adding  Patient's  Blood. — The  blood  of  which  the 
erythrocyte  count  is  to  be  determined  is  added  to  the  standard  suspen- 
sion in  the  proportion  of  1  to  200.  This  may  be  brought  about  in 
several  ways  with  satisfactory  results.  That  procedure  which  is  most 
convenient  under  the  circumstances  can  be  employed.  Where,  as  usually, 
it  is  desired  not  to  withdraw  a  large  amount  of  blood,  the  following 
procedure  has  been  found  very  efficient. 

After  thoroughly  shaking  the  suspension,  exactly  1  c  c  is  measured 
into  a  test  tube.  The  tube  should  be  perfectly  clean  but  rinsing  in 
distilled  water  without  drying  will  not  alter  the  result.  Dwarf  test 
tubes  measuring  10x1  cm.  are  a  convenient  size.  The  blood  is  obtained 
by  finger  or  ear  prick  in  the  usual  way  and  is  allowed  to  run  by 
capillarity  or  is  sucked  by  means  of  rubber  tubing  and  mouthpiece 
into  a  pipet  graded  to  measure  0.005  c  c  The  end  is  then  wiped 
ofif  on  a  piece  of  gauze  and  the  contents  discharged  directly  into 
the  1  c  c  of  suspension  in  the  test  tube.  The  pipet  is  washed  clear 
by  drawing  up  and  blowing  out  the  suspension  several  times.  The 
mixture  is  then  shaken  thoroughly  and  may  be  counted  at  once  or 
the  tube  may  be  corked  to  prevent  evaporation  and  consequent  crena- 
tion  of  the  blood  disks  and  set  aside  to  be  examined  anv  time  when 
convenient  within   twenty-four  hours. 

Another  method  consists  in  the  use  of  the  regular  er}i:hrocyte 
pipet  provided  with  hemocytometers.     One  with  a  relatively  large  bore 
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so  that  the  contents  may  be  expelled  readily  is  preferable.  The  pipet 
is  filled  with  patient's  blood  to  the  0.5  mark  and  then  diluted  with 
suspension  to  101.  It  is  best  to  remove  a  small  quantity  of  the  suspen- 
sion from  the  large  bottle  for  this  purpose.  The  pipet  is  then  shaken, 
and  after  discharging  the  first  three  or  four  drops,  the  balance  is  expelled 
into  a  clean  test  tube  and  either  counted  or  corked  and  set  aside,  as 
stated  above.  It  is  obvious  that  there  is  a  slight  fallacy  here  as  the 
mixture  is  minus  a  quantity  of  suspension  equal  to  the  amount  of 
blood  employed,  namely  ^-^oo  part.  For  practical  purposes,  however, 
this  can  be  disregarded  as  it  alters  the  count  of  corpuscles  per  cubic 
millimeter  by  only  a  similar  proportion  and  this  is  of  no  clinical 
consequence. 

When  a  large  quantity  of  blood  is  withdrawn  by  venous  puncture, 
as  in  connection  with  chemical  metabolic  blood  calculations,  and  the 
fluid  preserved  free  from  clot  by  the  use  of  a  few  crystals  of  potas- 
sium oxalate,  a  larger  quantity  of  blood  may  be  conveniently  employed. 
It  is  only  necessary  to  keep  in  mind  to  use  a  relatively  larger  amount 
of  suspension,  so  that  the  proportion  of  1 :  200  may  be  preserved,  as 
for  example  0.05  c.  c.  blood  to  10  c.  c.  suspension. 

Counting  the  Erythrocytes. — The  erythrocytes  may  be  counted  any 
time  within  twenty-four  hours,  provided  the  suspension  has  been 
properly  freed  of  a  large  amount  of  uncombined  eosin  and  care  is 
taken  by  corking  to  avoid  crenation  of  the  cells.  This  possibility  is 
of  considerable  practical  importance,  as,  for  example,  in  ward  work 
where  several  specimens  may  be  taken  at  one  time  and  removed  to 
the  laboratory,  or  in  private  practice  when  examining  blood  of  persons 
outside  the  hospital  or  office. 

When  ready  to  proceed,  the  mixture  should  be  shaken  thoroughly. 
This  is  quickly  accomplished  by  removing  the  cork  and  placing  the 
thumb  over  the  orifice  of  the  tube.  A  medium  sized  drop  of  the 
mixture  is  now  transferred  to  a  clean  glass  slide  and  covered  by  a 
cover  slip.  Bubbles  should  be  avoided.  It  will  then  be  found  that 
the  cells  settle  almost  instantaneously  into  quiet  position.  The  cells 
are  now  examined  under  the  high  dr}^  power  of  the  microscope. 
Reduced  light  facilitates  differentiation,  and  the  pale  biconcave  circular 
disks  of  the  patient  stand  out  in  distinct  contrast  to  the  red  crenated 
corpuscles  of  the  standard  suspension. 

Considering  the  technic  employed,  it  is  obvious  that  if  the  blood 
which  is  being  examined  has  a  normal  erythrocyte  count,  that  is 
between  4,500,000  and  5,000,000  cells  per  c.  mm.  the  corpuscles  and 
standard  suspension  cells  in  the  mixture  will  be  in  the  proportion  of 
approximately  1  to  1  and  will  appear  in  practically  equal  numbers  in 
the  microscopic  field.  Thus,  almost  at  a  glance  and  without  counting 
one  may  obtain  this  information  and  draw  immediate  conclusion  as 
regards  a  normality  or  deficiency  in  red  blood  cells. 
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For  enumeration  it  is  necessary  to  count  and  record  the  exact 
number  of  each  type  of  cell  in  several  fields.  The  total  number  of 
cells  in  a  field  may  be  altered  by  the  size  of  the  drop  which  has  been 
placed  on  the  sHde  and  the  size  of  the  cover  slip  employed.  Further- 
more counting  may  be  facilitated,  as  Dreyer  suggests,-  by  inserting  on 
the  metal  diaphragm  within  the  eyepiece  a  small  circle  cut  from  light 
cardboard  in  the  center  of  which  a  square  aperture  has  been  made. 
After  a  little  practice  100  cells  per  field  may  be  counted  rapidly  and 
accurately. 

The  number  of  fields  examined  and  the  total  number  of  cells 
counted  can  be  modified  by  the  degree  of  accuracy  which  it  is  desired 
to  attain.  If  the  cells  have  been  mixed  properly  by  shaking,  the  pro- 
portion will  be  found  to  vary  but  slightly  in  different  fields,  especially 
if  the  total  number  of  cells  per  field  is  high.  For  accurate  enumeration 
it  is  advisable  that  a  total  of  1,000  cells  be  counted  from  each  of 
two  drops  examined. 

Calculation  of  the  Patient's  Erythrocyte  Count. — The  total  number 
of  each  type  of  cell  is  now  computed  and  by  multiplying  the  sum 
of  the  fresh  corpuscles  by  5,000,000  and  dividing  by  the  sum  of  the 
standard  suspension  cells,  the  number  of  patient's  red  blood  corpuscles 
per  cubic  millimeter  is  quickly  determined.  As  a  matter  of  fact,  the 
six  ciphers  may  be  disregarded  and  simply  "5"  used,  care  being  exer- 
cised to  preserve  the  decimal. 

For  example :     Suppose  the  sum  of  standard  suspension  cells  in 

several  fields  to  be  625,  and  the   sum  of   the  patient's  corpuscles  in 

the  same  fields  456.    Then 

625  :  456  :  :  5  :  X 
456X5 

X  = or  3.648 

625 
Erthyrocyte  count  =  3,648,000. 

Unless  a  very  large  number  of  cells  is  counted,  it  of  course,  adds 

nothing  to  the  accuracy  to  carry  the  decimal  beyond  three  figures. 

CONCLUSIOXS 

Employing  the  same  principle  of  comparing  the  elements  to  be 
counted  with  those  of  a  titered  standard  suspension,  as  in  Dreyer's 
method,  a  procedure  is  devised  which  has  distinct  advantages  for  the 
enumeration  of  erythrocytes  and  offers  a  method  which  is  rapid, 
accurate  and  clinically  practicable. 

I    am    indebted   to   the   metabolism    department   of  the   hospital    and   to   Dr. 
Mclntj're  particularly  for  obtaining  blood  for  the  work. 


2.  Dreyer,  Georges:  A  Simple  Procedure  for  the  Accurate  Enumeration  of 
Blood  Cells  and  Bacteria  Without  the  Use  of  a  Counting  Chamber,  Lancet  1: 
219  (Jan.  29)  1921.  The  Counting  of  Blood  Cells  and  Bacteria,  T.  A.  M.  A.  77: 
1166  (Oct.  8)   1921. 


THE     MECHANISM     OF     HAY-FEVER* 
FRAXXIS     M.    RACKEMANN,    M.D. 

BOSTON 

The  mechanism  of  hay-fever  is  worthy  of  careful  study  for  the 
reason  that  hay-fever  is  qtiite  typical  of  the  great  group  of  clinical 
conditions  presumably  due  to  a  natural  sensitiveness  to  some  foreign 
substance.  This  sensitiveness  is  termed  allergy.  Up  to  the  present 
time  at  least,  allergy  has  been  recognized  only  in  man.  A  tendency  to 
it  is  often  inherited.  It  manifests  itself  by  different  symptom  com- 
plexes each  quite  characteristic  whenever  the  individual  comes  in  contact 
with  the  specific  foreign  substance. 

When  this  contact  is  by  way  of  the  respiratory  tract,  the  symptoms 
are  usually  referable  to  disturbances  in  the  nose  and  the  patient  is  said 
to  have  hay-fever.  This  hay-fever  may  be  either  seasonal  or  perennial. 
Seasonal  hay- fever  would  appear  to  be  a  very  clear  cut  disease  with  a 
definite  and  well  defined  etiology,  because  the  symptoms  begin  and  end 
at  the  exact  time  when  the  particular  pollen  appears  and  disappears 
in  quantity  in  the  atmosphere ;  also  because  various  biologic  reactions 
to  the  pollen  are  manifested  by  hay- fever  patients  which  are  not  mani- 
fested by  normal  people ;  and,  finally,  because  treatment  with  an  extract 
of  the  pollen  brings  about  relief  from  symptoms  in  the  majority  of 
patients. 

In  New  England  there  are  at  least  two  important  types  of  seasonal 
hay- fever,  namely :  (  1 )  early  hay- fever,  which  begins  in  early  June 
and  lasts  until  the  middle  of  July  and  is  due  to  a  sensitiveness  to  the 
pollen  of  the  common  grasses,  and  (2)  late  hay-fever,  which  occurs 
from  the  middle  of  August  until  the  first  frost  and  is  due  to  a  sensi- 
tiveness to  the  pollen  of  ragweed,  or  rarely  the  pollen  of  goldenrod. 
The  studies  here  reported  have  been  made  on  patients  with  late  hay- 
fever  who  were  sensitive  to  ragweed. 

As  regards  the  mechanism  of  hay-fever,  there  are  several  possible 
explanations.  First,  that  it  is  quite  the  same  as  the  mechanism  in  the 
artificial  sensitization  of  animals  and  man:  namely,  that  it  depends  on 
the  interaction  of  antigens  and  antibodies.  We  know  that  a  rabbit 
or  a  guinea-pig  actively  sensitized  to  horse  serum,  as  well  as  a  man 
recovered  from  the  serum  disease  following  a  dose  of  diphtheria  anti- 
toxin from  a  horse,  will  give  an  immediate  local  reaction  when  a  drop 
of  diluted  horse  serum  is  applied  to  the  skin.  And  in  hay-fever,  it  is 
well  known  that  when  an  extract  of  the  specific  pollen  is  applied  to  the 
skin  or  to  the  mucous  membranes  of  the  patient,  an  immediate  local 
reaction  takes  place. 


*  From  the  Medical  Services  of  the  Massachusetts  General  Hospital. 
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Since  there  is  no  pathologic  study  of  the  skin  test  in  the  literature,  we  can 
only  assume  that  it  is  the  cells  of  the  skin  which  are  the  seat  of  the  reaction. 
We  know  that  urticarial  wheals  are  characterized  by  a  transudation  of  serum 
when  spasm  of  the  skin  capillaries  is  followed  by  dilatation  and  effusion.  It 
is  this  effusion  which  by  displacing  the  blood  causes  the  central  pallor  of  the 
wheal.  This  would  indicate  that  the  primary  disturbance  is  in  the  cells  of  the 
blood  vessels  rather  than  in  the  cells  of  the  skin,  and  that  as  suggested  by 
Neisser^  the  condition  is  due  to  a  vasomotor  affection  of  the  nerves  supplying 
these  blood  vessels. 

To  explain  such  a  local  reaction  as  well  as  the  local  symptoms  of 
hay-fever  there  are  several  possibilities. 

1. — The  cells  of  the  patient  may  contain  antibodies  not  present  in 
the  cells  of  normal  persons  but  which  are  added  to  the  normal  cell 
function.  Perhaps,  the  best  evidence  of  this  addition  of  cellular  anti- 
bodies is  the  fact  that  when  an  antigen  is  applied  repeatedly  to  the 
same  spot  on  the  skin  of  a  hypersensitive  patient,  the  local  reactions 
following  each  application  become  progressively  less — indicating  a  local 
exhaustion  of  these  antibodies.-  This  same  exhaustion  occurs  in  the 
entire  skin  and  mucous  membranes  but  in  much  less  marked  degree  as  a 
result  of  the  successful  treatment  of  hay-fever. 

2. — The  cells  of  hay-fever  patients  may  lack  something  which  is 
present  in  normal  cells  so  that  in  the  former  there  is  a  failure  to  neu- 
tralize some  reaction  producing  element  in  the  antigen.  An  analogy 
is  found  in  those  cases  in  which  a  positive  Schick  test  indicates  an 
absence  of  normal  diphtheria  antitoxin.  Incidentally,  the  failure  to 
demonstrate  precipitins  might  imply  a  true  toxin-antitoxin  reaction. 
The  suggestion  that  ragweed  acted  as  a  true  toxin  was  made  in  1905 
by  Dunbar.^  However,  the  symptoms  following  an  overdose  of  ragweed 
are  not  those  following  an  overdose  of  a  toxin,  and,  furthermore,  it  has 
been  shown  *  that  the  blood  serum  of  normal  persons  and  of  those  hay- 
fever  patients  wdio  are  improved  by  pollen  treatment  is  not  capable 
of  so  neutralizing  even  a  very  dilute  pollen  solution  that  it  wall  fail  to 
give  a  skin  test  in  another  susceptible  patient.  Also,  so  far  as  treatment 
is  concerned,  the  dried  blood  serum  of  a  normal  horse  is  about  as 
effective  as  is  Dunbar's  "PoUantin" — which  is  the  dried  blood  serum 
of  a  horse  treated  with  pollen. 

3. — There  mav  be  some  substance  present  in  the  circulating  blood 
of  the  patient  which  either  reacts  with  the  antigen  to  make  it  toxic 
or  which  in  some  way  facilitates  the  contact  between  antigen  and  cell 


1.  Neisser,  A. :  Quoted  by  Bruck  in  his  Experimentelle  Beitrage  zur  Aetiol- 
ogie  und  pathogenese  der  Urticaria.  Arch.  f.  Dermat.  u.  Syph.  96:241,  1909. 

2.  Mackenzie,  G.  M.,  and  Baldwin,  L.  B. :  Local  Desensitization  in  Hyper- 
sensitive Individuals  and  Its  Bearing  on  the  Prevention  of  Hav-Fever,  Arch. 
Int.  Med.  28:722    (Dec.)    1921. 

3.  Dunbar,  W.  P. :    Hay-Fever,  Berl.  klin.  Wchnschr..  Xo.  26,  p.  797,  1905. 

4.  Rackemann,  F.  M. :  The  Specific  Treatment  of  Hav-Fever,  Boston  M.  & 
S.  J.  182:295,  1920. 
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contents.  If  such  substance  exists  in  the  blood,  it  should  be  demon- 
strable whenever  the  skin  test  is  positive.  We  know  that  in  serum 
disease  circulating  antibodies  and  skin  tests  do  develop  and  appear 
together,  but,  on  the  other  hand,  whereas  circulating  antibodies  disap- 
pear quite  promptly  in  a  few  weeks,  or  less,  the  positive  skin  test 
will  remain  demonstrable  often  for  years,  so  that  it  would  be  difficult 
to  imagine  any  close  dependence  between  them. 

Circulating  antibodies  play  a  definite  and  important  role  in  experi- 
mental anaphylaxis.  The  serum  of  a  sensitized  animal  can  cause  a 
precipitate  when  in  contact  with  the  specific  serum.  The  detection  of 
circulating  antibodies  in  hay-fever  is  at  best  difficult  and  inconstant. 
Koessler  '"  clairhs  to  have  transferred  pollen  sensitiveness  from  a  patient 
to  guinea-pigs  by  means  of  the  blood  serum,  and  Clowes  ^  demonstrated 
specific  precipitins  in  a  few  cases  before  the  onset  of  the  hay-fever 
season,  but  not  in  all  cases.  However,  Cooke,  Flood  and  Coca,"  in  a 
series  of  carefully  conducted  experiments,  were  not  able  to  demonstrate 
circulating  antibodies  by  which  the  sensitiveness  to  ragweed  could  be 
transferred  passively  from  man  to  animals,  and  the  author  has  failed 
to  find  precipitins  in  the  blood  serum  of  hay-fever  patients  in  spite 
of  repeated  attempts  made  in  various  stages  of  the  disease  and  during 
treatment. 

These  precipitin  tests  were  made  bj'  adding  together  0.5  c.c.  of  the  patient's 
serum  never  more  than  twenty-four  hours  old  and  used  unheated.  and  0.5  c.c. 
of  ragweed  solutions  dihited  in  series  from  1  :  500  to  1  :  500,000. 

These  dikitions  were  each  made  from  an  original  stock  solution  made  by 
extracting  1.0  gm.  of  pure  ragweed  pollen  in  100  c.c.  of  saline  solution  which 
contained  0.5  per  cent,  phenol  and  two  hundredth  normal  sodium  hydrate. 

Readings  were  made  not  only  after  an  incubation  for  one  hour  at  ?>7  C,  but 
again  after  the  tubes  had  been  kept  in  the  icebox  over  night.  In  spite  of  many 
trials,  no  precipitates  were  observed. 

Largely  because  of  this  difficulty  of  demonstrating  any  circulating 
antibodies,  the  question  has  arisen  as  to  whether  ragweed  pollen  can 
act  as  an  antigen  or  not.  Parker  ®  has  recently  found  that  by  injecting 
enormous  doses  of  ragweed  pollen  extract  intraperitoneally  to  guinea- 
pigs  over  long  periods  of  time,  she  can  sensitize  them  so  that  the  uterus 
suspended  in  Ringer's  solution  will  give  a  well  marked  contraction 
when  ragweed  extract  is  added  to  the  bath.  Thus  it  seems  demon- 
strated that  plant  pollens  are  or  may  be  weakly  antigenic. 


5.  Koessler,  K.  K. :  The  Specific  Treatment  of  Hay-Fever,  Forchheimer's 
Therapeusis  of  Internal  Diseases  5:671. 

6.  Clowes,  G.  H.  A.:  Certain  Specific  Reactions  Exhibited  by  Hay-Fever 
Cases,  Proc.  Soc.  Exper.  Biol.  &  Med.  10:69,  1913. 

7.  Cook,  R.  A.,  Flood,  E.  P.,  and  Coca,  A.  F. :  Hay-Fever,  the  Nature  of  the 
Process  and  of  the  Mechanism  of  the  Alleviating  Effect  of  Specific  Treatment. 
J.  Immunol.  11:217.  1917. 

8.  Parker,  Julia,  T. :  The  Antigenic  Properties  of  Ragweed  Pollen,  Proc.  Soc. 
Exp.  Biol.  &  Med.  18:237,  1921. 
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Hence,  of  the  tliree  possible  explanations  of  the  positive  skin  test 
in  hay-fever,  we  may  conclude  that  the  theory  of  additional  antibodies 
peculiar  to  the  condition  and  not  found  in  normal  individuals  is  the 
most  satisfactory. 

It  must  be  noted,  however,  that  the  presence  of  these  antibodies 
by  no  means  precludes  the  possibility  that  circulating  antibodies  are 
also  important,  although,  as  in  serum  disease,  each  appears — as  judged 
by  our  crude  methods  of  demonstration — to  be  independent  of  the  other. 

As  regards  the  relation  between  hay-fever  and  experimental  ana- 
phylaxis, one  other  point  needs  emphasis.  It  is  characteristic  of 
anaphylaxis  that  an  animal  which  has  recovered  from  the  reaction 
following  the  parenteral  injection  of  a  second  nonlethal  dose  of  the 
specific  protein  will  be  refractory  to  a  third  dose  of  that  protein.  Such 
a  desensitization  in  hay-fever  and  allergy  is  by  no  means  so  sure,  for 
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Chart  1. — Relation   of  the  end  resuhs  to  date  of  first  dose. 


as  previously  shown,*  patients  with  late  hay-fever  who  have  reacted 
with  urticaria  and  asthma  to  an  overdose  of  pollen  extract  on  one  day, 
will  on  the  next  day  show  a  similar  reaction  to  the  same  dose  of  the 
same  pollen  extract. 

Since  the  demonstration  of  circulating  antibodies  is  so  difficult  and 
irregular,  we  have  at  present  only  two  satisfactory  methods  of  study. 
First,  the  relation  of  the  end  results  to  the  technic  of  treatment,  and 
second,  the  changes  in  the  skin  test  following  treatment.  As  regards  the 
technic  of  treatment  in  hay-fever :  Aside  from  the  choice  of  a  particular 
pollen  extract,  there  may  be  at  least  three  factors  variable  for  each 
patient. 

Chart  1  demonstrates  that  good  results  as  well  as  poor  results  may 
follow  without  regard  to  the  date  on  which  the  series  of  preventive 
inoculations  is  beeun. 
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Chart  2  shows  quite  clearly  that  both  good  and  bad  results  may 
follow  either  a  large  or  small  mimber  of  treatments  as  well  as  a  large 
or  small  total  dosage  during  the  season.  Such  findings  are  to  be 
explained  by  the  variation  in  the  degree  of  sensitiveness  of  the  indi- 
vidual patient. 

If  we  assume  that  hay-fever  is  dependent  on  an  excess  of  fixed 
cellular  antibodies,  it  is  easy  to  understand  that  the  degree  of  sensi- 
tiveness can  be  determined  by  the  highest  dilution  of  pollen  extract 
which  is  capable  of  producing  a  skin  test.^  When  patients  are 
extremely  sensitive,  that  is  when  they  have  a  large  excess  of  cellular 
antibodies  and  when  consequently  they  react  positively  to  very  high 
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Chart  2. — Relation  of  end  results  to  number  of  doses  and  to  total  dosage  of 
pollen  extract.  The  total  dosage  is  expressed  in  cubic  centimeters  of  1 :  100  dilu- 
tion.   Good  results  are  shown  by  the  circles,  the  poor  results  by  the  dots. 

by  relatively  small  doses  of  extract  which  would  suffice  to  reduce  the 
dilutions  of  ragweed  extract,  they  theoretically  ought  to  be  benefited 
great  excess  of  these  cellular  antibodies. 

In  practice,  this  theory  does  not  hold.  However,  it  is  dangerous 
to  make  any  very  definite  statement  because  individual  patients  vary 
so  widely  in  their  reactions  to  treatment  even  if,  at  the  first  visit,  their 
skin  tests  seem  quite  the  same.  For  example:  A  group  of  at  least 
eight  patients  suffering  from  late  hay-fever,  on  the  first  visit  gave  a 
skin  test  to  a  1:10,000  dilution  of  rag^veed  pollen  extract.  Of  these, 
four  were  improved  by  treatment  and  each  of  the  four  had  a  total  dose 


9.  Walker,  I.  C. :     Sensitization  and  Treatment  of  Bronchial  Asthmatics  with 
Pollens,  Am.  J.  M.  Sc.  157:409,  1919. 
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of  more  than  0.6  c.c.  of  the  1:100  dikition.     Two  patients  were  not 
improved  and  each  received  less  than  one-third  of  the  above  mentioned 

dose. 

A  group  of  at  least  twenty-four  patients  gave  a  skin  test  to  dilu- 
tions of  ragweed  no  higher  than  1:1,000.  Sixteen  of  them  were 
improved  by  treatment ;  eight  were  not  improved,  and  yet  the  amount 
of  treatment  given  was  about  the  same  in  each  group.  Hence,  there 
is  apparently  only  a  very  rough  relation  between  the  original  skin  test 
and  the  results  of  treatment  with  a  given  dosage. 

The  degree  of  sensitiveness  does  seem  to  diminish  when  the  treat- 
ment is  successful.  Skin  tests  performed  in  September  in  successfully 
treated  cases  of  late  hay-fever  show  reactions  which  are  ordinarily 
of  somewhat  less  size  than  similar  tests  done  in  May.  The  reduction 
is,  however,  rarely  more  than  ten  times;  that  is,  if  in  May  they  reacted 
to  a  1:5,000  dilution;  in  September  they  will  still  react  to  a  1:500 
dilution.  I  have  never  seen  a  skin  test  to  ragweed  disappear  entirely 
even  in  cases  in  which  the  treatment  was  entirely  successful.  Obser- 
vations of  this  kind  are  quite  difficult  of  accurate  interpretation  for  the 
reason  that  ragweed  extracts  do  not  hold  their  potency  indefinitely  and 
such  observations  must  be  made  with  freshly  made  extracts  using 
exactly  the  same  sample  of  pollen. 

Since,  however,  the  skin  test  does  seem  to  diminish  even  in  small 
degree,  this  fact  alone  would  tend  to  substantiate  the  theory  that  hay- 
fever  is  due  to  an  excess  of  fixed  cellular  antibodies.  The  apparent 
absence  of  circulating  antibodies  may  be  due  to  our  crude  method  of 
their  demonstration. 

In  order  to  demonstrate  that  fixed  antibodies  were  attached  to  other 
cells  than  those  of  the  skin  of  hay-fever  patients,  I  had  hoped  to  obtain 
a  vermiform  appendix  or  other  specimen  of  smooth  muscle  of  such  a 
patient  which  could  be  tested  for  specific  cellular  sensitiveness  by  Dale's 
method  ^°  but  so  far  no  specimen  has  been  found.  The  red  blood 
corpuscles  of  hay- fever  patients  might  show  a  reaction  to  pollen  extracts 
different  from  the  corpuscles  of  normal  persons.  In  this  connection,  it  is 
of  interest  to  recall  some  observations  made  in  1916  during  the  course 
of  other  experiments  on  serum  disease.  At  that  time  one  problem  was 
to  determine  whether  the  red  blood  corpuscles  of  a  patient  injected  with 
foreign  serum  (horse  serum)  showed  any  change  in  their  reactions  to 
the  serum  before  and  after  the  injection.  The  study  was  made  on  the 
red  blood  corpuscles  of  patients  with  pneumonia.  Each  patient  had 
received  fairly  large  doses  of  antipneumococcus  horse  serum  intrave- 
nously. In  no  case  was  there  any  change  observed  in  the  mixtures  of 
horse  serum  and  cells  before  and  after  this  specific  treatment,  in  spite 


10.  Dale,  H.  H. ;    The  Anaphylactic  Reaction  of  Plain  Muscle  in  the  Guinea- 
Pig,  J.  Pharmacol.  &  Exper   Therap.  4:167,  1913. 
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of  the  fact  that  in  most  of  the  cases  positive  skin  tests  and  precipitins 
had  developed  at  the  time  when  the  second  specimen  of  cells  was 
obtained. 

The  effect  of  the  active  sensitization  of  guinea-pigs  to  horse  serum 
on  the  red  blood  corpuscles  of  these  guinea-pigs  was  also  studied  and 
again  it  was  found  that  there  was  no  difference  in  the  reaction  of  guinea- 
pig  cells  to  horse  serum  before  and  after  sensitization.  Horse  serum 
has  always  a  very  variable  effect  on  guinea-pig  corpuscles,  but  the  varia- 
tions in  a  control  series  of  guinea-pigs  which  were  bled  at  the  same 
intervals  showed  irregularities  and  changes  no  greater  or  less  than  those 
occurring  in  the  sensitized  animals. 

Further  experiments  planned  to  determine  whether  the  cells  of 
sensitized  guinea-pigs  are  hemolyzed  by  the  corresponding  antigenic 
serum  in  the  presence  of  complement  were  entirely  negative. 

In  order  to  study  the  reactions  of  the  red  blood  corpuscles  in  hay- 
fever  patients,  blood  cells  were  obtained  from  a  considerable  number 
of  patients  with  late  hay-fever- — each  of  whom  gave  a  well  marked, 
skin  test  to  ragweed  pollen  extract  at  the  time  of  bleeding. 

The  tests  were  always  set  up  on  the  day  of  the  bleeding.  Blood  from  the 
arm  vein  was  added  in  small  quantities  to  a  test  tube  full  of  salt  solution, 
mixed  thoroughly,  and  the  cells  were  then  washed  three  times  with  saline  being 
finally  made  up  in  a  5  per  cent,  suspension  in  saline  solution. 

For  the  test  equal  quantities  (0.5  c.c.)  of  cell  suspension  and  ragweed 
extract  1  :  100  were  mi.xed  together  and  incubated  at  ?>7  C  for  one  hour  in  the 
water  bath. 

In  no  case  was  hemolysis  observed,  in  spite  of  the  fact  that  specimens 
of  cells  were  taken  from  patients  during  various  stages  of  hay-fever 
and  from  other  patients  after  the^  hay- fever  season. 

When  the  same  test  mixtures  were  held  over  night  in  the  icebox, 
there  were  no  changes  noted  which  were  different  from  the  controls — 
that  is,  from  mixtures  containing  red  corpuscles  of  normal  persons  and 
ragweed  extract.  That  this  absence  of  hemolysis  was  not  due  to  the 
absence  of  complement  is  shown  by  the  fact  that  when  the  fresh 
unheated  serum  of  the  patient  was  added  to  the  test  mixture  of  ragweed 
extract  and  the  same  patients'  cells,  there  still  was  no  hemolysis. 

Thus,  if  we  can  judge  of  the  presence  of  antibodies  in  red  blood 
corpuscles  by  whether  or  not  hemolysis  occurs  in  the  presence  of  the 
antigen,  we  may  say  that  no  such  specific  antibodies  were  demonstrated 
in  the  red  blood  corpuscles  of  hay- fever  patients,  a  statement  which 
is  in  entire  accord  with  the  findings  already  noted  in  typical  anaphylaxis 
and  in  serum  disease. 

DISCUSSION 

Hay- fever  is  a  typical  example  of  the  many  varieties  of  natural 
sensitiveness.  The  mechanism  of  hay-fever  depends  on  the  fact  that 
the  cells  contain  specific  antibodies  which  are  not  present  in  the  cells 
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of  normal  persons.  That  the  symptoms  are  not  due  to  a  lack  of  function 
which  is  normally  present  is  indicated  by  the  absence  of  any  antitoxin 
in  the  blood,  such  as  occurs  with  a  positive  Schick  test  in  diphtheria. 

That  the  symptoms  are  not  due  to  circulating  antibodies  which  have 
a  constant  action  either  on  the  antigen  or  on  the  cells  is  shown  not  only 
by  the  inability  to  demonstrate  such  antibodies  in  the  blood  but  is  indi- 
cated also  by  the  analogy  in  serum  disease  where  the  establishment  of 
fixed  cellular  antibodies,  as  demonstrated  by  the  skin  test,  is  later 
uninfluenced  by  the  disappearance  of  circulating  antibodies. 

The  great  variations  in  the  results  of  specific  treatment  by  a  given 
technic  are  readily  explained  by  the  variations  in  the  degree  of  sensitive- 
ness, although  it  is  evident  that  the  delicacy  of  the  skin  test  is  only  a 
crude  measure  of  the  number  of  cellular  antibodies.  Finally,  all  attempts 
to  demonstrate  antibodies  fixed  to  the  red  blood  corpuscles  of  the  patient 
by  adding  antigen  to  these  corpuscles  have  failed. 

It  seems  worth  while  to  call  attention  to  the  close  relation  between 
the  mechanism  of  allergy  and  of  immunity.  Specific  antibodies  are 
present  in  both  conditions.  In  allergy,  these  antibodies  are  predominantly 
fixed  in  the  cells ;  in  immunity,  the  antibodies  are  predominately  in 
the  circulating  blood.  However,  in  neither  condition  are  the  antibodies 
in  one  location  exclusively.  In  allergy  the  symptoms  probably  depend 
on  reactions  which  take  place  in  the  cells.*  That  no  such  symptoms 
occur  in  immunity  is  shown  by  the  experiments  of  Manwaring  and 
Kusama.^^  Reactions  following  perfusion  with  serum  mixtures  were 
obtained  with  the  lungs  of  immune  guinea-pigs — which  reactions  were 
entirely  analogous  to  those  obtained  with  the  lungs  of  anaphylactic 
guinea-pigs.  The  fact  that,  in  life,  immune  guinea-pigs  show  no  reac- 
tion to  injections  of  the  specific  antigen,  although  it  is  clear  that  their 
cells  do  contain  fixed  antibodies,  must  be  explained  by  the  protection 
afiforded  by  the  excess  of  circulating  antibodies.  The  dilTerence  between 
allerg}-  and  immunity,  therefore,  depends  on  whether  antibodies  are 
predominent  in  the  cells  or  in  the  blood. 


11.  Manwaring,  \V.  H..  and  Kusama,  Y. :  Analysis  of  the  Anaphylactic  and 
Immune  Reactions  bv  Means  of  the  Isolated  Guinea-Pig's  Lungs,  I.  Immunol. 
2:157.1917. 
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DETROIT 

INTRODUCTION 

Injection  of  a  foreign  protein  into  the  animal  body  leads  to  certain 
well  defined  phenomena  which  should  be  familar  to  all.  If  sensitization, 
following  a  previous  dose,  be  present,  anaphylactic  shock  may  result. 
Otherwise  one  expects,  first,  a  latent  period  with  no  outward  manifes- 
tation but  during  which  it  is  believed  that  the  protein  is  undergoing 
chemical  change  into  less  complex  and  more  stable  substances,  and, 
second,  a  rise  of  temperature  with  an  increase  of  the  neutrophil  poly- 
morphonuclear white  cells  of  the  blood.  If  the  injection  be  subcutaneous 
or  intramuscular,  the  sequels  are  mild  and  last  over  a  day  or  more ; 
if  the  injection  is  intravenous,  they  are  relatively  violent  and  subside 
in  a  few  hours.  Vaughan  ^  has  considered  the  excess  heat  production 
as  being  due  to  three  factors;  (1)  the  unusual  activity  of  the  cells 
supplying  the  proteolytic  enzyme;  (2)  cleavage  of  the  foreign  protein; 
(3)  the  destructive  reaction  between  the  split  products  of  the  foreign 
protein  and  the  proteins  of  the  body.  Fever  may  also  be  produced  by 
the  rapid  withdrawal  of  the  major  portion  of  the  available  water  of 
the  body.  This  method  of  investigation  was  first  systematically 
exploited  by  Balcar,  Sansum  and  Woodyatt  ^  and  is  best  carried  out 
by  the  intravenous  injection  of  hypertonic  salt  solution.  This,  in  turn, 
produces  a  diuresis  which,  in  the  course  of  a  few  hours,  may  cause  the 
fluid  otitput  to  exceed  the  intake  by  many  hundred  cubic  centimeters. 

It  has  been  pointed  out  in  a  previous  communication  ^  that  acute 
water  shortage  results  in  an  increased  rate  of  protein  metabolism  with 
a  rapid  increase  in  the  formation  of  the  endproducts  which  quickly 
pile  up  in  the  blood.  In  this  case  but  one  of  the  sources  of  fever  men- 
tioned by  Vaughan  can  be  a  factor,  namely,  chemical  heat  from  the 
changes  in  the  body  protein.  These  changes  resemble,  to  a  striking 
degree,    certain    features   of   many   of    the   acute   bacterial    infections. 


*  From  the  Buhl  Memorial  Lahoratory,  Harper  Hospital. 
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230  ARCHIVES    OF    IXTERXAL    MEDICINE 

notably  colon  bacillus  peritonitis,  pneumonia  and  the  acute  pyogenic 
infections,  and  will  be  more  fully  discussed  at  a  later  time.  The  present 
investigation  was  undertaken  to  determine  whether  fever  due  to  the 
increased  protein  metabolism  of  acute  water  shortage  was  accompanied 
by  a  leukocytosis  similar  to  that  seen  after  the  injection  of  a  foreign 
protein,  and  if  so  to  consider  its  bearing  on  the  subject  of  leukocytosis 
in  general. 

METHODS 

Dogs  were  used  for  experiment  and  were  all,  so  far  as  could  be 
determined,  in  good  health  at  the  time.  Dehydration  was  produced 
by  injection  into  the  femoral  vein  of  a  solution  consisting  of  sodium 
chlorid,  99  gm. ;  potassium  chlorid,  3.3  gm. ;  calcium  chlorid,  2.86  gm. ; 
water,  2,000  c.c.  This  represents  the  concentration  of  Ringer's  solution 
multiplied  by  5.5.  Sodium  chlorid  alone  was  avoided  because  of  the 
sodium  poisoning  said  to  occur  when  it  is  used  on  tissues  in  high  con- 
centration and  unaccompanied  by  the  physiologic  antagonists — potas- 
sium and  calcium.  This  solution  will,  later,  be  referred  to  as 
dehydration  fluid.  It  was  given  through  a  graduated  funnel  such  as  is 
used  in  the  administration  of  arsphenamin.  This  was  connected  by  a 
rubber  tube  to  a  small  glass  cannula  which  could  be  tied  into  the  vein. 
The  rate  of  flow  was  easily  controlled  by  a  small  screw  clamp  on  the 
tubing.  Solution,  glassware  and  tubing  were,  of  course,  kept  strictly 
aseptic. 

In  general,  no  attempt  has  been  made  to  give  the  solution  at  a  fixed 
rate,  but  the  calculated  amount  is  allowed  to  run  in  quite  rapidly ;  thus 
500  c.c.  could  be  given  in  from  fifteen  to  twenty  minutes.  It  was  found 
that  if  enough  solution  were  given  to  leave  a  high  residual  salt  con- 
centration in  the  body  after  exhaustion  of  the  available  water  and  death 
took  place  in  less  than  six  hours  the  changes  under  investigation,  while 
they  occurred  in  some  measure,  were  abortive  and  ill  defined.  Thus 
the  effort  has  been  to  so  regulate  the  amount  injected  that  a  smaller 
residual  salt  content  was  left  and  that  death  came  in  from  twelve  to 
twenty-four  hours.  This  permits  of  ample  time  for  the  interesting 
features  to  unfold  and  develop.  Success,  within  these  Hmits,  has  been 
secured,  in  a  majority  of  experiments,  by  administration  of  50  c.c.  of 
the  dehydration  fluid  per  kilo  of  body  weight  of  the  animal.  The  process 
is  somewhat  influenced  by  surroundings,  and  it,  more  particularly  the 
rise  of  temperature,  may  be  accelerated  by  placing  the  animal  in  a  warm 
room  or  held  in  check  by  placing  it  in  a  cool  room.  In  the  latter  case 
there  may  be  a  marked  dift'erence  between  rectal  temperature  and  that 
of  the  internal  organs.  The  increased  urinary  output  following  the 
injection  was  collected  through  a  retention  catheter  and  allowed  to  drip 
into  a  graduate  where  the  amount  could  be  read  at  any  time.  Vene- 
section was  done  under  1  per  cent,  procain  anesthesia.  All  experimental 
animals  were  kept  under  morphin  as  a  sedative. 
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EXPERIMENTAL     DATA 

Information  on  eight  dogs  is  given  in  Tables  1  to  8.  In  Dog  1 
figures  for  the  concentration  of  total  noncoagulable  blood  nitrogen  are 
given  at  the  same  intervals  as  elapsed  between  temperature  readings 

Experiment  1. — Dog  1.  female,  weight  13,440  gm.,  was  injected  with  39  c.c. 
per  kilo  of  dehydration  fluid. 

TABLE   1. — Sequels  of  Acute  Water  Shortage  in  Dog   1 


Poly- 

Small    Mono- 

morpho- 

Lympho-   nu- 

Eosino- 

Fluid 

Fluid 

Blood 

Total 

nuclears 

eytes,     clears, 

phils, 

Tempera- 

Intake, 

Output, 

Nitrogen, 

Leuko- 

per 

per          per 

per 

Time 

ture 

Co. 

C.C. 

Mg. 

cytes 

Cent. 

Cent.       Cent. 

Cent. 

6:30  p.m. 

101.6 

0 

0 

22.2 

4.400 

81 

10               9 

0 

7:30  p.m. 

103.2 

525 

1.000 

25 

.3.600 

.58 

42               0 

0 

8:30  p.XH. 

104.0 

525 

1.260 

28.6 

5,800 

82 

12                6 

0 

10:30  p.m. 

103.6 

525 

1,490 

30.0 

11,900 

89 

6                5 

0 

12:30  a.m. 

102.S 

525 

1,570 

33.4 

12,800 

92 

3                5 

0 

9:30  a.m. 

10.5.8 

525 

1,590 

60.0 

17,300 

93 

2                5 

0 

Experiment  2. — Dog  3,  female,  wt.  10.900  gm.,  was  injected  with  60  c.c.  per 
kilo  of  dehydration  fluid. 

TABLE  2. — Sequels  of  Acute  Water  Short.age  in  Dog  3 


Poly- 

Small 

Mono- 

morpho- 

Lympho 

-    nu- 

Eosino- 

Fluid 

Fluid 

Blood 

Total 

nuclears 

cytes. 

clears. 

phils, 

Tempera- 

Intake, 

Output, 

Nitrogen, 

Leuko- 

per 

per 

per 

per 

Time 

ture 

C.c 

C.c. 

Mg. 

cytes 

Cent. 

Cent. 

Cent. 

Cent. 

8:55  p.m. 

100.6 

0 

0 

27.3 

11,500 

86 

8 

6 

0 

10:00  p.m. 

99.4 

5.50 

730 

8,000 

10 

22 

3 

0 

12:00  m. 

102.2 

550 

1,120 

15,600 

91 

6 

3 

0 

6:0(»  a.m. 

106.2 

550 

1,270 

60 

10,200 

92 

4 

4 

0 

Experiment  3. — Dog    4,  female,  wt.  5.920  gm.,  was  injected  with  45  c.c.  per 
kilo  of  dehydration  fluid. 

TABLE  3. — Sequels  of  Acute  Water  Shortage  in  Dog  4 


Poly- 

Small 

Mono- 

morpho- 

Lympho 

-    nu- 

Eosino- 

Fluid 

Fluid 

Blood 

Total 

nuclears 

cytes. 

clears. 

phils, 

Tempera- 

Intake, 

Output, 

Nitrogen, 

Leuko- 

per 

per 

per 

per 

Time 

ture 

C.c. 

C.c. 

Mg. 

cytes 

Cent. 

Cent. 

Cent. 

Cent. 

9:45  p.m. 

10O.4 

0 

0 

37.5 

8,400 

74 

14 

11 

1 

10:45  p.m. 

100.2 

265 

360 

5,000 

63 

30 

( 

0 

12:0Om. 

10O.4 

265 

510 

11,600 

80 

15 

4 

1 

7:00  a.m. 

101.0 

"65 

640 

16,400 

85 

8 

7 

0 

11:00  a.m. 

99.2 

265 

650 

21,600 

88 

8 

4 

0 

3:00  p.m. 

100.0 

265 

660 

15,900 

89 

6 

o 

0 

7:00  p.m. 

100.6 

265 

665 

15,700 

89 

5 

6 

0 

11:00  p.m. 

104.4 

265 

670 

67 

and  blood  counts  to  illustrate  the  growing  velocity  of  protein  catabolism 
and  the  parallel  rise  of  the  white  count.  Additional  data  on  protein 
disintegration  in  acute  water  shortage  as  a  process  of  increasing  momen- 
tum have  already  been  published.^ 
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It  must  be  realized  that  the  withdrawal  of  repeated  samples  of 
blood  from  a  small  animal  constitutes,  in  itself,  an  appreciable  hemor- 
rhage. As  hemorrhage  is  a  recognized  cause  of  leukocytosis  a  possible 
source  of  error  was  apparent  and  in  other  animals  only  normal  and 

ExPERiMEN'T  4. — Dog  5,  female,  \vt.  13,210  gm.,  was  injected  with  50  c.c. 
per  kilo  of  dehydration  fluid. 

TABLE  4. — Sequels  of  Acute  Water  Shortage  in  Dog  5 


Poly- 

Small 

Mono- 

morpho- 

Lympho 

-    nu- 

Eosino- 

Fluid 

Fluid 

Blood 

Total 

nuclears 

cytes. 

clears. 

phils, 

Tempera- 

Intake, 

Output, 

Nitrogen, 

Leuko- 

per 

per 

per 

per 

Time 

ture 

C.c. 

C.C. 

Mg. 

cytes 

Cent. 

Cent. 

Cent. 

Cent. 

9:50  p.m. 

99.8 

0 

0 

18 

6,200 

75 

18 

6 

1 

11:00  p.m. 

100.6 

650 

640 

5,900 

70 

24 

6 

0 

1:00  a.m. 

101.4 

650 

990 

9,600 

82 

10 

8 

0 

9:00  a.m. 

98.6 

650 

1,170 

12,300 

89 

6 

5 

0 

4:00  p.m. 

99.8 

650 

1,175 

17,300 

94    . 

2 

4 

0 

7:00  p.m. 

102.6 

650 

1,180 

52 

21,200 

94 

1 

0 

0 

Experiment  5. — Dog  8,  male,  wt.  11,710  gm.,  was  injected  with  45  c.c.  per 
kilo  of  dehydration  fluid  to  which  was  added  2  per  cent.  HCl. 

TABLE  5. — Sequels  of  Acute  Water  Shortage  in  Dog  8 


Poly- 

Small 

Mono- 

morpho- 

Lympho 

-    nu- 

Eosino- 

Fluid 

Fluid 

Blood 

Total 

nuclears 

cytes, 

clears. 

phils, 

Tempera- 

Intake, 

Output, 

Nitrogen, 

Leuko- 

per 

per 

per 

per 

Time 

ture 

C.c. 

Co. 

Mg. 

cytes 

Cent. 

Cent. 

Cent. 

Cent. 

10:00  p.m. 

100.8 

0 

0 

20 

4.300 

79 

11 

10 

0 

11:30  p.m. 

99.0 

530 

440 

4,600 

68 

28 

4 

0 

12:.30a.m. 

lOO.O 

530 

640 

7.30O 

73 

21 

6 

0 

1:30  a.m. 

101.8 

530 

730 

9.90O 

81 

14 

5 

0 

2:30  a.m. 

103.0 

530 

780 

14,900 

86 

10 

4 

0 

3:30  a.m. 

104.4 

530 

800 

19.200 

91 

( 

9 

0 

4:30  a.m. 

105.2 

530 

810 

19,300 

91 

6 

3 

0 

7:00  a.m. 

106.2 
Liver 

530 

815 

50 

21,500 

90 

6 

4 

0 

Experiment  6. — Dog  10,  male,  wt.  8,660  gm.,  was   injected  with  50  c.c.  per 
kilo  of  dehydration  fluid. 

TABLE  6. — Sequels  of  Acute  Water  Shortage  in  Dog  10 


Poly- 

Small    Mono- 

morpho- 

Lympho-   nu- 

Eosino- 

Fluid 

Fluid 

Blood 

Total 

nuclears 

cytes,     clears. 

phils, 

Tempera- 

Intake, 

Output, 

Nitrogen, 

Leuko- 

per 

per          per 

per 

Time 

ture 

C.c. 

C.c. 

Mg. 

cytes 

Cent. 

Cent.      Cent. 

C«nt. 

5:45  p.m. 

101.2 

0 

0 

24 

6,400 

75 

6             18 

1 

6:45  p.m. 

100.0 

435 

420 

5,400 

72 

20               8 

0 

7:45  p.m. 

99.6 

435 

630 

10,600 

83 

9               8 

0 

8:45  p.m. 

100.2 

435 

760 

11.800 

86 

6               8 

0 

10:45  p.m. 

101.2 

435 

900 

13,700 

92 

4               4 

0 

12:45  a.m. 

101.6 

435 

980 

18,700 

91 

3               6 

0 

7:45  a.m. 

100.2 

435 

1,005 

17,600 

92 

2               6 

0 

12:00  m. 

98.6 

435 

1,010 

22,400 

94 

0               6 

0 

6:30  p.m. 

106.6 
Liver 

435 

1,020 

67 

terminal  specimens  were  taken  for  blood  nitrogen  estimation,  about 
8  or  10  c.c.  in  all ;  the  intermediate  values  being  left  to  the  imagination 
of  the  reader.  Blood  counts  were  made  from  small  drops  obtained  by 
pricking  the  ears.    Temperature  readings  were  made  per  rectum  unless 
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otherwise  stated.  Blood  nitrogen  is  given  in  milligrams  per  hundred 
c.c. ;  leukocyte  counts  in  thousands  per  cubic  millimeter.  Large  lym- 
phocytes and  transitionals  were  counted  together  as  mononuclears. 
Fluid  intake  and  output  are  given  as  cumulative  quantities. 

These  eight  experiments  show  certain  features  in  common  and  they 
will  be  pointed  out  here  to  be  commented  on  later.  About  one  hour 
after  the  injection  is  completed  a  slight  leukopenia  exists.  It  is  not 
marked  and  the  count  may  be  found  essentially  the  same.  It  is,  how- 
ever, associated  with  a  drop  in  the  polymorphonuclear  count  and  an 
increase  of  the  small  lymphocytes.     So  marked  is  this  lymphocytosis 

Experiment  7. — Dog  6,   male,  wt.   8,010  gm.,  was   injected   with   50  c.c.   per 
kilo  of  dehydration  fluid. 

TABLE  7. — Sequels  of  Acute  Water  Shortage  in  Dog  6 


Poly- 

Small    Mono- 

morpho- 

Lympho-   nu- 

Eosino- 

Fluid 

Fluid 

Blood 

Total 

nuclears 

cytes,     clears, 

phils, 

Tempera- 

Intake, 

Output, 

Nitrogen, 

Leuko- 

per 

per          per 

per 

Time 

ture 

Co. 

Co. 

Mg. 

cytes 

Cent. 

Cent.       Cent. 

Cent. 

9:45  p.m. 

10O.6 

0 

0 

30 

6,C0O 

80 

6            14 

0 

11:00  p.m. 

100.6 

405 

475 

5.100 

71 

24                 5 

0 

12:00  p.m. 

99.6 

405 

550 

12.200 

87 

3             10 

0 

7:30  a.m. 

98.2 

405 

705 

21.800 

90 

4                C 

0 

10:00  a.m. 

103.0 

405 

710 

86 

23,200 

93 

2                5 

0 

Experiment  8. — Dog  9,  male,  wt.  8,140  gm.,  was  injected  with  30  c.c.  per 
kilo  of  dehydration  fluid  which  was  followed  very  slowly  with  15  c.c.  per  kilo 
of  5  per  cent,  sodium  bicarbonate  solution. 


TABLE  8.— Sequels  of 

Acute  W 

\ter  S 

hortage 

IN  Dog  9 

Poly- 

Small    Mono- 

morpho- 

Lympho-   nu- 

Eosino- 

Fluid 

Fluid 

Blood 

Total 

nuclears 

cytes,     clears. 

phils, 

Tempera- 

Intake, 

Output, 

Nitrogen, 

Leuko- 

per 

per          per 

per 

Time 

ture 

C.c. 

C.c. 

Mg. 

cytes 

Cent. 

Cent.      Cent. 

Cent. 

9:.30p.m. 

100.0 

0 

0 

40 

7,000 

79 

6            14 

1 

10:.30  p.m. 

98.0 

345 

480 

6,500 

78 

13              9 

0 

11:30  p.m. 

96.0 

385 

a50 

12,000 

87 

7               2 

4 

12:30  a.m. 

96.2 

385 

700 

13,500 

89 

3               6 

2 

8:30  a.m. 

101.4 

385 

780 

24,600 

89 

3               8 

0 

2:30  p.m. 

101.8 

385 

790 

26,400 

93 

1               6 

0 

6:30  p.m. 

102.2 

385 

795 

27,500 

92 

5               3 

0 

10:00  p.m. 

105.4 

385 

795 

67 

27,600 

93 

2               5 

0 

that  it  suggests  more  than  a  merely  relative  increase  and  resembles  an 
actual  addition  of  these  cells  to  the  circulating  blood.  By  the  same  token 
a  dilution  phenomenon  as  a  cause  of  the  leukopenia  is  rendered  improb- 
able. Following  this  early  leukopenia  there  is  a  steady  increase  of  the 
total  white  cell  count  to  levels  far  above  normal.  This  increase  is 
apparently  almost  wholly  confined  to  the  neutrophil  polymorphonuclear 
cells  and  there  is  a  marked  relative  decrease  of  the  remaining  types, 
which  decrease  seems  most  constant  and  uniform  in  the  small  lympho- 
cytes. In  Dog  3  the  high  initial  count  of  11,500  was  accompanied  by  a 
full   stomach   and  upper  intestine  and  was,   we   presume,   a  digestive 


I 


234  ARCHIJ-ES     OF    IXTERXAL    MEDICIXE 

leukocytosis.  The  fall  in  the  final  counts  in  Dogs  3  and  4  we  are  unable 
to  explain  on  any  basis  except  that  of  the  early  formation  of  antemortem 
white  blood  cell  blots  and  immobilization  of  many  of  the  circulating 
leukocytes.    Both  dogs  showed,  at  necropsy,  intracardiac  white  clots. 

There  is  a  parallel  rise  of  the  nonprotein  nitrogen  of  the  blood 
indicating  progressive  catabolism  of  protein  and  lastly  there  are  wide 
variations  in  the  body  temperature.  If  the  experiment  be  quickly  con- 
cluded the  temperature  may  progressively  rise  in  response  to  quite 
violent  protein  disruption.  If  a  longer  period  elapse  between  start  and 
finish  the  initial  trend  of  the  temperature  may  be  downward  and  a 
recovery  and  rise  above  normal  be  apparent  only  in  the  last  third  or 
quarter  of  the  time.  Indeed,  the  outer  surface  and  orifices  of  the  body 
may  show  no  elevation  of  temperature  at  any  time,  and  it  may  be  found 
only  on  examination  of  the  deep  structures,  as  in  Dog  10.  As  body 
temperature  is  a.  balance  between  heat  formation  and  elimination,  it 
involves  too  lengthy  a  discussion  for  this  place.  Suffice  it  to  say  that 
the  discrepancies  noted  indicate  faulty  distribution,  unequal  formation 
in  different  areas  and  other  phenomena  dependent  on  a  failing  circula- 
tion and  a  lack  of  water  with  its  buffer  action  in  heat  absorption  and 
transportation. 

In  dogs  8  and  9  the  effects  of  an  increasing  acidosis  and  of  increas- 
ing the  alkali  reserve  were  respectively  tried  in  combination  with 
dehydration.  If  one  case  of  each  be  of  value,  the  acid-base  balance 
of  the  body  exerts  no  very  important  influence  on  either  leukoc>1;e  count 
or  blood  nitrogen  increase. 

Other  experimental  animals  showed  changes  similar  to  those 
reviewed  above.  In  control  animals  injected  with  50  c.c.  of  Ringer's 
solution  per  kilo  of  body  weight  no  variations  were  noted  in  temperature, 
blood  nitrogen  or  white  cell  count  which  exceeded  the  limits  of  normal. 
A  mild  upward  trend  might  be  observed  in  animals  kept  for  twenty-four 
hours,  particularly  if  placed  in  a  warm  room. 

COMMENT 

It  has  been  noted  heretofore  that  injection  of  a  foreign  protein  gives 
rise  to  a  leukocytosis  only  after  the  lapse  of  an  interval  during  which 
it  is  undergoing  a  change  into  simpler  substances.  It  follows  that 
among  the  split  products  are  to  be  found  the  substances  which  activate 
the  white  cells  in  the  bone  marrow  and  are  responsible  for  their 
increased  appearance  in  the  blood  stream.  While  it  is  conceivable  that 
urea,  creatinin  or  amino-acids,  if  present  in  high  concentration,  might 
by  their  diuretic  salt  action  reduce  the  water  reserve  of  the  body  and 
produce  a  colloidal  upset  with  increased  protein  metabolism  and  a 
resultant  leukocytosis,  we  are  not  aware  that  they,  in  themselves,  exert 
any  direct  action  on  the  white  cells.    So,  lacking  evidence  to  the  contrary. 
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it  would  seem  that  the  activating  substances  must  belong  to  that  large 
and  somewhat  ill  defined  group  of  intermediate  products  of  protein 
cleavage  comprising  proteoses,  peptones  and  polypeptids. 

To  resume  the  analogy  with  which  this  paper  was  opened,  acute 
water  shortage  results  in  an  increase  of  the  normal  protein  metabolism 
with  a  greater  production  of  its  by-products,  some  of  which  as  urea, 
creatinin  and  uric  acid  can  be  measured  directly.  Inference  would 
lead  to  the  belief  that  other  by-products,  both  in  the  noncoagulable  and 
the  coagulable  fractions,  must  be  present  in  increased  quantities  in  the 
blood.  By  a  further  analogy,  the  accompanying  leukocytosis  bears  the 
earmarks  of  a  chemical  attraction ;  a  positive  chemotropism  exerted  by 
certain,  as  yet,  unidentified  portions  of  the  protein  molecule,  possibly 
through  alterations  in  the  surface  tension  of  the  white  blood  cells,  as 
Detweiler  *  believes.  Such  a  process  involves  their  passage  in  increased 
numbers  from  the  bone  marrow  to  the  blood  stream ;  from  the  lesser 
to  the  greater  concentration  of  the  attracting  substances. 

As  to  the  question  of  leukocytosis  as  an  accompanying  feature  in 
many  physiologic  as  well  as  pathologic  conditions,  the  data  presented 
make  possible  the  preparation  of  a  more  comprehensive  general  scheme 
than  has  hitherto  been  possible. 

The  increase  of  white  blood  cells  seen  after  ingestion  of  a  heavy 
meal  lends  itself  readily  to  explanation  on  a  basis  of  these  observations. 
It  will  be  recalled  that  following  a  meal  the  blood,  for  several  hours, 
contains  an  increased  concentration  of  inorganic  salts,  sugars  and  amino- 
acids,  products  of  digestion,  each  capable  of  exerting  a  saltlike  osmotic 
pressure  and  causing  a  diuresis.  In  brief,  there  exists  a  condition  of 
dehydration,  if  by  that  term  be  understood  either  an  actual  water  loss, 
an  increase  in  the  salt  content  or  percentage  of  colloidal  combination  of 
the  water  reserve,  or  both.  It  has  been  suggested  ^  that  strong  salt  solu- 
tion produces  an  increased  cleavage  of  body  proteins  by  causing  their 
displacement  from  combination  with  the  usual  water  of  hydration,  a 
matter  of  relative  osmotic  pressures.  It  serves  the  need  of  an  hypoth- 
esis in  this  case  and  will  be  used  unamended.  Following  ingestion  of 
food  are  found  the  necessary  conditions  for  a  slight  increase  of  metab- 
olism in  the  body  protein.  There  is  no  direct  proof  that  this  occurs 
and  if  present  it  is  undoubtedly  small.  Nevertheless,  the  sequels  of 
the  protein  cleavage  of  dehydration  are  also  present,  a  picture  which 
includes  a  moderate  leukocytosis  of  perhaps  from  10,000  to  12,000,  a 
rise  of  a  few  tenths  of  a  degree  in  temperature  and  an  increasd  urinary 
output. 

Following  prolonged  or  violent  exercise  there  occurs  an  appreciable 
rise  of  the  white  blood  cell  count  which,  possibly,  depends  on  certain  of 
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the  forces  under  discussion.  A  considerable  amount  of  water  may 
escape  and  combustion  of  protein  for  energy  may,  to  a  certain  degree, 
occur  with,  in  either  case,  a  larger  production  of  nitrogenous  bodies 
exerting  an  activating  influence  on  the  leukocytes. 

No  data  are  at  hand  concerning  the  leukocytosis  of  pregnancy. 

To  sum  up  the  nonpathologic  leukocytoses,  it  appears  that  water 
and  salt  balance  may  exert  a  hitherto  underestimated  influence.  It  is 
known  that  daily  normal  variations  occur  over  a  considerable  latitude. 
Mauriac  and  Cabouat  °  have  carefully  studied  these.  We  have  noted 
slight  increase  of  white  blood  cell  count,  blood  nitrogen  and  temperature 
in  control  dogs  which  were  kept  where  some  evaporation  of  water  might 
occur.  In  short,  the  experimental  results  obtained  seem  to  be  due  to 
an  extension  and  intensification  of  forces  which  may  cause  variations 
in  these  three  features  within  the  limits  of  normal  and  are  possibly 
associated  in  the  maintenance  of  normal  values. 

Among  pathologic  increases  of  the  white  blood  cells,  the  increase 
following  hemorrhage  should  first  claim  our  attention.  Musser  ^ 
reviews  this  as  a  sharp  rise  in  the  polymorphonuclears  due  to  "retention 
of  the  leukocytes  in  the  blood  stream  during  hemorrhage  by  adhesion 
to  the  vessel  walls  with  diminution  of  blood  volume  and,  presumably,  an 
outpouring  of  white  blood  cells  from  the  bone  marrow  in  response  to 
an  unknown  stimulus."  Taylor  and  Lewis  '  strongly  suggest  the  nature 
of  this  stimulus  by  reporting  appreciable  increases  in  the  nonprotein 
blood  nitrogen  of  dogs  subjected  to  repeated  severe  hemorrhages.  This 
high  protein  metabolism  may,  in  some  measure,  be  due  to  changes  in 
the  water  and  salt  balance,  but  seemingly  other  factors  also  play  a  part, 
as  they  were  unable  to  prevent  it  by  immediately  restoring  the  blood 
volume  with  Ringer's  solution  after  each  hemorrhage.  The  almost 
proverbial  water  hunger  which  occurs  in  hemorrhage  suggests  that 
fluid  has  a  definite  place  in  treatment. 

As  regards  a  resemblance  of  the  alx»ve  experimental  records  to  the 
picture  of  hemorrhage,  it  is  repeatedly  present  and  includes,  in  addition 
to  a  rising  leukocyte  count  and  blood  nitrogen  concentration,  a  falling 
temperature.  This  combination  shows  in  the  fore  part  of  many  of 
the  charts  and  is  followed  by  a  recovery  and  rise  of  the  temperature 
in  the  last  few  hours  only.  It  appears  that  heat  production  is  increased 
throughout  which  would  lead  to  the  suspicion  that  its  rate  of  elimination 
is  above  normal  in  the  early  hours  to  later  drop. 
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We  will  now  discuss  a  possible  explanation  of  leukocytosis  in  the 
acute  bacterial  infections  and  consider  its  relationship  to  the  dehydra- 
tion theory  of  fever  as  originally  advanced  by  Balcar.  Sansum  and 
Woodyatt  and  later  modified  by  ourselves. 

This  theory  urges  the  view  that  the  body  water  reserve  exists  in 
two  forms,  first,  free  and  uncombined,  in  which  state  the  high  specific 
heat  renders  it  valuable  for  absorption  and  transportation  of  calories 
from  one  portion  of  the  body  to  another,  thus  equalizing  temperature, 
or  to  the  surface  for  elimination  by  radiation  and,  secondly,  in  colloidal 
combination  with  proteins,  glycogen  and  in  the  hydrates  of  inorganic 
salts,  which  destroys  its  ability  to  regulate  heat.  It  further  suggests 
that  in  infection  the  bacteria,  through  their  toxins,  so  modify  the  body 
colloids  as  to  largely  increase  their  hydration  capacity  and  thus  produce 
a  shortage  of  free  water.  Inadequately  hydrated  proteins  commence 
to  break  down  at  an  abnormally  rapid  rate  and  produce  increased 
quantities  of  heat  which  is  largely  retained  because  of  the  lack  of 
available  water  to  care  for  it. 

The  case  in  favor  of  the  dehydration  theory,  as  it  at  present  stands, 
may  be  stated  as  follows.  In  many  bacterial  diseases  there  is  evidence 
of  retention  within  the  body  during  the  acute  febrile  stage  of  consider- 
able quantities  of  water  which  are  more  or  less  rapidly  released  as 
recovery  ensues.  To  be  specific,  typical  lobar  pneumonia  retains  some- 
times a  number  of  liters  of  water  during  the  acute  stage  and  liberates 
it  rapidly  as  sweat  and  urine  at  the  crisis.  Cases  of  colon  bacillus 
peritonitis  which  recover  will,  if  accurate  account  is  kept  of  the  fluid 
intake  and  output,  show  a  similar,  if  less  spectacular,  phenomenon. 
Even  the  acute  localized  cutaneous  or  subcutaneous  infections  usually 
show  an  edema  or  water  retention  about  them  which  extends  far  beyond 
the  area  of  redness  and  beyond  the  area  of  actual  bacterial  invasion. 
This  is  best  observed  early,  before  the  formation  of  pus  with  its  measure 
of  immunity,  and  is  a  localized  demonstration  of  what  may  become  a 
general  condition.  This  retention  can  be  explained  only  on  the  basis 
of  some  change  in  the  state  of  combination  in  which  the  water  is  held, 
otherwise  it  would  not  occur.  We  know  that  an  acute  shortage  of  water 
will  produce  quite  a  large  increase  in  the  nonprotein  blood  nitrogen 
and  this  in  the  entire  absence  of  any  preexisting  nephritis.  It  is  due 
largely  to  two  factors,  first,  an  increase  of  protein  metabolism  with  a 
larger  production  of  waste  nitrogen,  and,  second,  a  scarcity  of  water 
as  a  vehicle  for  excretion.     Tileston  and  Comfort  ^  and  Wells  ^  have 
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each  reported  a  series  of  pneumonia  cases  in  which  an  increase  of  blood 
nitrogen  is  present  in  a  large  per  cent.  Yaughan  and  Morse  '°  found 
in  a  series  of  peritonitis  cases  the  same  feature  which  may  probably 
occur  independently  of  intestinal  obstruction.  These  are  both  conditions 
which  almost  never  give  rise  to  any  of  the  varieties  of  true  nephritis 
and  the  only  acceptable  explanation  of  what  has  occurred  in  the  cases 
cited,  and,  inferentially,  what  has  occurred  in  such  cases  in  general, 
seems  to  be  that  outlined.  It  is  also  reasonably  safe  to  assume  that 
the  fever  of  the  condition  is  due  to  an  increased  protein  catabolism  of 
which  the  high  waste  nitrogen  stands  as  concrete  evidence. 

If  the  velocity  of  protein  cleavage  is  enhanced,  one  would  expect, 
in  addition  to  the  heat  production,  attraction  of  an  abnormally  large 
number  of  white  blood  cells  from  the  bone  marrow,  and,  true  to  form, 
both  pneumonia  and  peritonitis  show  this.  The  leukopenia  sometimes 
seen  in  the  stage  of  invasion  of  these  diseases,  particularly  pneumonia 
with  its  rapid  onset,  resembles  in  some  ways  the  leukopenia  seen  at  the 
end  of  the  first  hour  in  the  records  of  dogs  subjected  to  experimental 
dehydration.  The  correct  explanation  of  this  feature,  from  a  physico- 
chemical  standpoint,  we  are,  at  present,  unable  to  give. 

Tileston  and  Comfort  state  that  typhoid  fever  never  shows  an 
increase  in  the  nonprotein  blood  nitrogen.  The  white  blood  cell  count 
is  characteristically  low,  and  consequently  the  condition  must  be 
exempted  from  the  application  of  many  of  the  foregoing  remarks. 

This  discussion  offers  more  or  less  plausible  reasons  for  many 
hitherto  not  well  understood  changes  in  the  leukocytes.  Of  course,  the 
parallel  rise  of  leukocytes  and  waste  nitrogen  seen  experimentally  cannot 
always  be  observed  in  clinical  practice  because  of  the  probability  that 
the  relatively  soluble  urea,  creatinin  and  uric  acid  may  constantly  be 
excreted  through  the  kidneys  by  the  intake  of  quantities  of  water  too 
small  to  compensate  entirely  for  the  pathologic  increase  in  water 
requirements  and  yet  sufficient  to  care  for  a  considerable  portion  of  the 
waste  formed.  The  leukocytes  are  subject  to  no  such  excretion  and 
consequently  attain  maximum  values. 

If  the  condition  under  consideration  is  a  bacteremia,  with  the  most 
marked  changes  of  water  balance  in  the  blood,  the  story  ends,  so  far 
as  this  paper  is  concerned,  when  the  leukocytes  enter  the  circulation. 
If  the  infection  be  a  localized  one  with  a  general  reaction,  we  may 
understand  that  toxin  concentration,  change  of  water  requirements, 
cleavage  of  protein  and  consequent  heat  production  would  be  most 
marked  in  the  immediate  vicinity  of  the  offending  organisms.  The 
same  changes  on  a  somewhat  smaller  scale  would  be  present  in  the 
blood.     The  leukocytes,  always  moving  from  lesser  to  greater  concen- 


10.  Vaughan.    J.    W.,    and    Morse,    P.    F. :    Blood    Nitrogen    Estimations 
Genito-Urinarv  and  Alidominal  Conditions,  Arch.  Surg.  3:405   (Sept.)   1921. 


BA  CON-XO  V  Y-EPPLER—LE  UKOC  VTOSIS  239 

tration  of  the  activating  nitrogenous  bodies,  might  be  expected  to  leave 
the  circulation  at  a  point  near  the  area  of  infection  and  following  the 
ever  fresher  trail  arrive  in  the  midst  of  the  bacteria  in  increasing 
numbers  with  eventual  engulfment  of  the  organisms,  each  a  center  of 
disturbance,  thus  leading  to  phagocytosis  and  pus  formation. 

SUMMARY 

A  picture  has  been  drawn  which  portrays  the  leukoc^les  and  fever 
(if  one  wishes  to  consider  that  an  immune  reaction)  as  a  second  line 
of  defense  against  infection,  responding  only  after  invasion  due  to  a 
let  down  of  primary  humoral  immunity,  if  such  it  be,  and  then  respond- 
ing to  non-specific  stimuli  which  arise  from  quantitative  alteration  in 
the  bodily  metabolism  rather  than  directly  from  the  infecting  organisms  ; 
the  same  stimuli  which  on  a  smaller  scale  produce  variations  of  normal 
values  in  the  absence  of  infection. 

CONCLUSIONS 

1.  An  experimental  leukocytosis  results  from  production  of  an 
acute  water  shortage  with  corresponding  increases  of  body  temperature 
and  nonprotein  blood  nitrogen. 

2.  This  leukocytosis  has  many  features  in  common  with  the  physio- 
logic increases  of  digestion  and  exercise. 

3.  It  throws  added  light  on  the  mechanism  of  leukocytosis  in 
hemorrhage,  and  is  corroborative  evidence  of  the  essential  correctness 
of  the  dehydration  theory  of  fever. 

We  wish  to  express  our  indebtedness  to  Dr.  P.  F.  Morse  for  the  use  of 
laboratory  equipment  and  for  many  valuable  suggestions,  and  to  Drs.  C.  L. 
Douglas  and  E.  S.  Crump  for  kindly  interest  and  thoughtful  courtesies. 


BLOOD  PRESSURE  AND  PULSE  RATE  REACTIONS* 

SECOND     PAPER 
T.    ADDIS.     M.D. 

SAN    FRANCISCO 

During  the  late  war  there  was  an  urgent  need  for  some  objective 
test  by  which  the  presence  and  the  degree  of  circulatory  disability  could 
be  measured.  The  observations  on  which  this  paper  is  based  were 
made  in  the  attempt  to  supply  this  need. 

The  great  majority  of  men  with  organic  heart  disease  were  rejected 
before  admission  to  the  army,  but  under  the  regulations  issued  for  the 
medical  examination  of  drafted  men,  it  was  not  possible  to  exclude 
those  who  suffered  from  the  condition  known  as  irritable  heart,  neuro- 
circulatory asthenia  or  effort  syndrome,  though  a  considerable  percent- 
age was  later  found  to  be  incapable  of  active  service.  Li  England, 
Lewis  developed  a  series  of  graduated  drills  by  which  the  capacity  of 
these  men  for  service  could  be  estimated.  I  used  this  system  of  exer- 
cises at  Camp  Lewis,  both  in  normal  individuals  and  in  cases  of  irritable 
heart,  but  after  some  months  it  was  discarded  because  the  results  were 
uncertain  and  tlie  method  required  too  much  time.  This  was  chiefly  due, 
I  believe,  to  the  fact  that  Lewis  was  dealing  with  trained  soldiers,  while 
we  had  raw  recruits.  An  essential  for  the  success  of  his  plan  is  that  the 
exercises  be  carried  out  with  sharpness  and  precision,  so  that  the  amount 
of  effort  entailed  is  more  or  less  uniform.  With  untrained  men,  espe- 
cially men  suft'ering  from  cardiac,  vasomotor  and  nervous  symptoms,  we 
did  not  succeed  in  attaining  this  uniformity.  After  a  considerable 
experience  of  military  discipline  response  to  orders  is  almost  involun- 
tary. Without  this  experience  movements  are  slowed  and  inadequately 
performed  at  the  first  onset  of  fatigue.  The  amount  of  work  done 
varies  rather  with  the  psychic  state  of  the  individual  than  with  his 
physical  capacity.  Time  also  was  of  importance  in  our  case.  Circum- 
stances were  such  as  to  call  for  a  decision  in  days  rather  than  in  weeks. 

Efforts  were  made  to  use  the  exercise  test  recommended  from 
Washington,  D.  C.  This  depends  on  the  effect  on  the  pulse  rate  of 
change  of  position  and  of  hopping  100  times.  Since  no  normal  stand- 
ards were  given,  the  pulse  rates  of  1,000  normal  recruits  were  counted 
throughout  a  test  which  was  a  slight  modification  of  the  official  test. 
From  these  data  statistical  standards  of  normality  were  prepared.^  But 
this  method  was  also  abandoned,  for  reasons  which  will  be  discussed 
in  this  paper.     The  pulse  rate  method  was  still  further  developed  by 
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observing  the  effect  of  hopping,  first  100,  then  200,  300,  400  and  500 
times  without  intermission,  except  for  the  short  intervals  during  which 
the  pulse  was  counted.  This  test  demonstrated  that  even  persons  with 
marked  symptoms  were  capable  of  the  quite  severe  exertion  which  this 
amount  of  exercise  entails,  but  otherwise  it  was  not  found  to  be  of 
much  value. 

The  test  which  was  actually  used  developed  as  a  result  of  a  trial 
of  Crampton's  method  -  in  which  observations  of  systolic  pressure  as 
well  as  of  pulse  rate  are  made  before  and  after  rising  from  the  recumbent 
to  the  erect  position.  First,  while  the  subject  is  lying  down,  the  pulse 
rate  is  counted  for  quarter  minute  intervals  until  a  constant  pulse  rate  is 
attained.  The  systolic  pressure  is  then  taken.  After  the  subject  stands 
up  the  pulse  rate  is  again  counted  until  it  becomes  constant  and  then 
the  second  systolic  pressure  reading  is  made.  The  results  were  found 
to  be  very  variable,  and  in  order  to  find  the  causes  of  this  high  degree 
of  variability,  a  consecutive  series  of  blood  pressure  and  pulse  readings 
were  made  simultaneously  at  quarter  minute  intervals  before  and  after 
the  subject  altered  his  position.  It  then  became  clear  that  one  reason 
for  the  inconstancy  of  the  results  lay  in  the  varying  time  required  for 
the  pulse  rate  to  become  constant  after  standing.  If  this  time  were 
very  short,  a  fall  in  systolic  pressure  was  frequently  found.  If  it 
took  a  little  longer  the  pressure  was  often  higher  than  when  the  sub- 
ject was  lying  down  and  later  still  it  fell  to  a  more  or  less  constant 
level.  On  examining  the  charted  records  of  these  experiments  it  was 
seen  that  the  greatest  change  in  systolic  pressure  occurred  immediately 
after  standing  and  that  this  effect  was  usually  missed  altogether  by 
waiting  until  the  pulse  rate  became  constant. 

The  system  of  simultaneous  pressure  and  pulse  rate  measurements 
was  then  applied  to  the  test  which  had  been  used  in  the  pulse  rate  work. 
Twelve  consecutive  pressures  and  pulse  rates  were  taken,  six  before  and 
six  after  exercise.  Exercise  consisted  of  100  hops  timed  by  a  metro- 
nome striking  at  a  rate  of  120  to  the  minute.  Pulse  rates  were  counted 
over  fifteen  second  periods,  and  each  pressure  reading  was  made  as 
nearly  as  possible  in  the  middle  of  these  periods,  which  were  timed  by 
a  watch  attached  to  the  sphygomanometer.  A  mercury  instrument  was 
used  which  had  a  5  inch  canvas  backed  arm  band  under  which  a  special 
stethoscope  bell  was  fitted.  One  hand  of  the  observer  was  thus  free  to 
make  the  air  pressure  adjustments  while  the  other  held  the  instrument. 
The  systolic  pressure  was  read  at  the  first  appearance  of  sound  as  the 
mercury  fell.  But  in  many  cases  after  exercise  the  sound  of  the  beat 
of  the  forcibly  pulsating  artery  against  the  upper  edge  of  the  arm  band 
could  be  heard,  and  the  first  accentuation  of  sound  was  then  taken  as 
the  signal  to  read  the  systolic  pressure.    The  diastolic  pressure  was  read 
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at  the  commencement  of  the  fourth  phase,  or  at  the  disappearance  of 
sound  when  no  fourth  phase  could  be  distinguished.  The  blood  pres- 
sures were  taken  by  myself,  the  pulse  rates  by  an  assistant,  usually  with 
a  stethoscope  over  the  heart.  Simultaneous  counts  by  two  assistants, 
one  from  the  wrist  and  one  from  the  heart,  showed  that  a  considerable 
degree  of  accuracy  was  quickly  attained.  Another  assistant  acted  as 
recorder.  The  effect  of  change  of  position  was  determined  both  before 
and  after  exercise  by  having  the  subject  lying  flat  on  his  back  for  the 
first  three  fifteen  second  periods  and  standing  erect  for  the  next  three 
periods.  The  whole  test  required  230  seconds,  the  first  forty-five  lying 
down  before  exercise,  the  second  forty-five  standing  before  exercise, 
the  hopping  covered  fifty  seconds  and  was  followed  by  lying  and  stand- 
ing position  for  two  forty-five  second  periods.  Twelve  observations 
were  thus  obtained  from  each  subject  under  four  successively  changing 
conditions. 

SECTION    I 

THE     REACTION     OF     THE     CARDIOVASCULAR     SYSTEM     IN     NORMAL 

INDIVIDUALS 

The  average  reaction  of  the  cardiovascular  systems  of  normal  indi- 
viduals and  its  variability  under  this  test  was  first  determined.  For 
this  purpose  300  soldiers  between  the  ages  of  21  and  31  were  chosen. 
They  stated  that  they  were  in  good  health  at  the  time  they  were 
examined  and  none  had  suffered  from  any  recent  illness  or  infection. 
All  had  undergone  two  or  more  months  of  intensive  physical  training. 
The  averages,  coefficients  of  variation  (the  standard  deviations 
expressed  as  percentages  of  their  respective  averages)  are  given  in 
Tables  1  and  2.  The  frequency  distributions  for  each  of  the  twelve 
periods  will  be  found  in  Table  11.  The  averages  are  charted  in 
Figure  1. 

The  conditions  of  this  test  constitute  in  reality  two  dififerent  tests, 
for  the  cardiovascular  system  has  to  adapt  itself  to  two  diverse  forms 
of  strain.  There  is  the  strain  of  adjustment  to  muscular  exercise  which 
requires  that  the  nervous  system,  the  heart  and  the  vf^ssels  should  work 
together  to  send  a  greater  supply  of  blood  to  the  active  muscles.  And 
there  is  the  strain,  both  before  and  after  exercise,  of  adjustment  to  a 
sudden  change  from  a  horizontal  to  a  vertical  position  of  the  body. 
This  requires  an  intricate  mechanism  of  adaption  from  the  cardiovas- 
cular system  to  prevent  the  force  of  gravity  from  interfering  with  the 
uniformity  of  blood  distribution.  Therefore  in  using  the  pressure  and 
pulse  rate  measurements  on  normal  individuals  for  establishing  stand- 
ards we  must  distinguish  between  the  effect  of  exercise  and  the  effect 
of  change  of  position,  and  must  choose  those  periods  in  the  series  of 
measurements  at  which  the  effects  are  most  marked.     It  is  apparent 
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Fio-  1— Normal  Persons.  Average  blood  pressure  and  pulse  rate  of  300 
normal  persons  showing  the  effect  of  change  of  position  and  of  exercise,  ihe 
darker  shaded  areas  represent  the  period  during  which  the  subjects  were  lying 
down  the  lighter  areas  the  p'eriod  during  which  they  stood  up.  while  the 
unshaded  portion  indicates   tlie  time  during  which   100  lu  ps   were  taken. 
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from  Figure  1  that  the  most  pronounced  effect  of  exercise  is  seen  in 
the  first  period  after  exercise,  and  that  the  change  from  the  recumbent 
to  the  erect  position  occurs  in  the  first  periods  after  standing.  These 
are  the  points  at  which  the  effects  of  the  two  strains  should  be  estimated. 
The  base  from  which  the  degree  of  effect  should  be  measured  is  the 
third  period  in  the  lying  position  in  the  case  of  exercise,  and  the  periods 

TABLE  1. — A\-ERAGES  OF  310  Normals 
Time  in  Seconds 


0         15        30        45        60 


90        140       155       170       185       200       215       230 


Systolic 

Diastolic 

I*ulse  pressure 

Pulse  rate 

P.  P.   X   P.  R. 


1 

1 
Lying 

1            1 
Standing 

Hop- 

1 

1 
Lying 

1            1 
Standing 

ping 

127 

127 

125 

126 

134 

131 

156 

153 

147 

138 

145 

141 

78 

80 

81 

86 

90 

91 

68 

74 

78 

84 

87 

87 

50 

47 

44 

39 

44 

41 

88 

79 

70 

55 

59 

54 

80 

76 

74 

99 

84 

82 

101 

90 

S6 

102 

95 

93 

3980 

3700 

3380 

3950 

3790 

3380 

9080 

7190 

6040 

5630 

5930 

5050 

immediately  preceding  standing  in  the  case  of  the  strain  induced  by 
change  of  position.  The  average  effect  can  be  deduced  by  difference 
from  the  averages  given  in  Table  1.  Thus  exercise  raises  the  systolic 
pressure  from  125  to  156,  an  increase  of  31  mm.  of  mercury  while 
standing  raises  the  systolic  pressure  1  mm.  before  exercise  and  is  accom- 
panied by  a  fall  of  9  mm.  after  exercise.  It  would  seem  then  that 
normality  might  be  expressed  as  all  those  differences  which  lie  within 
the  range  of  the  average  differences  -|-  and  —  some  measure  of  varia- 
bility of  the  measurements. 

TABLE  2. — CoFFiciEXTS  of  Variation  —  X  100% 
300  Normals 


Systolic 

Diastolic 

Pulse  pressure 

Pulse  rate 

P.  P.    x   P.  R. 


Time  in  Seconds 


170       1S5       COO       215 


1      1 

Lying  Before 

1            1 
Standing  Before 

Hop- 

1           1 
Lying  After 

i            1 
Standing  After 

Exercise,  % 

Exercise,  % 

ping 

Exercise,  % 

Exercise,  % 

13 

13 

12 

13 

13 

12 

13    1    13        14 

13 

13        13 

14 

14 

12 

15 

13 

13 

17        15        14 

14 

14         13 

28 

28 

29 

27 

27 

26 

21     1    22         23 

29 

25         26 

16 

16 

16 

16 

18 

18 

15         15         15 

15 

17         17 

38 

36         36 

33 

36     1    34 

28         28         30 

33 

31         33 

But  to  adopt  this  plan  would  be  to  neglect  the  possibility  that  the 
level  of  the  base  may  influence  the  dift'erence  induced  by  strain.  It  may 
be  that  exercise  produces  a  greater  dift'erence  in  a  subject  with  low 
blood  pressure  and  slow  pulse  than  it  would  if  before  the  exercise  the 
cardiovascular  system  were  already  in  a  state  of  hyperactivity.  If  that 
is  so  each  initial  level  will  have  its  own  peculiar  limits  of  variation. 
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In  order  to  decide  this  preliminary  question  the  data  were  arranged 
so  that  the  amount  of  difference  induced  in  subjects  with  initially  low 
pressure  and  slow  pulse  could  be  compared  with  the  difference  produced 
in  subjects  with  relatively  high  pressure  and  rapid  pulse.    The  average 

TABLE  3.— Relation   Between  the  Initial   Level  of   Pressure  or   Pulse 
Rate  and  the  Effect  Produced  bv   Strain 


Effect  of  Change 

from  Horizontal  to  Vertica 

1  Position 

Eff<3r>t  nf  TTTornisp 

Standing  Before  Exercise 

Standing  After 

Exercise 

Group 

Num- 

Aver- 

Change 

Num- 

Aver- 

Change 

Num- 

Aver- 

Change 

ber  of 

age  of 

in 

ber  of 

age  of 

in 

ber  of 

age  of 

in 

Sub- 

Group 

Average 

Sub- 

Group 

Average 

Sub- 

Group 

Average 

jects 

Before 

of  Group 

jects 

Before 

of  Group 

jects 

Before 

of  Group 

in 

Exer- 

After 

in 

Stand- 

After 

in 

Stand- 

After 

Group 

cise 

Exercise 

Group 

ing 

Standing 

Group 

ing 

Standing 

Systolic  Pres- 

sure 

101-110 

36 

109 

-1-30 

36 

109 

+3 

111-120 

78 

118 

-1-31 

78 

118 

+2 

25 

119 

-3 

121-130 

75 

128 

-f33 

75 

128 

—2 

40 

128 

-5 

131-140 

50 

138 

-f30 

50 

138 

—4 

54 

139 

-5 

141-150 

28 

148 

+32 

28 

148 

-2 

56 

149 

—11 

151-160 

47 

158 

-13 

161-170 

42 

168 

-15 

Diastolic  Pres- 

sure 

51-  fiO 

24 

59 

+9 

67-  70 

61 

69 

—10 

61 

69 

+7 

86 

69 

+9 

71-  80 

110 

79 

—12 

110 

79 

+6 

105 

78 

+3 

81-  90 

80 

88 

-14 

80 

88 

+4 

61 

88 

+  5 

91-100 

32 

98 

-17 

32 

98 

+2 

Pulse  Pressure 

21-  30 

41 

28 

-^46 

41 

28 

+  1 

31-  40 

93 

38 

+44 

93 

38 

—3 

41-  50 

101 

48 

+41 

101 

48 

—7 

30 

49 

—8 

51-  60 

43 

57 

+43 

43 

57 

-11 

58 

58 

-10 

61-  70 

77 

68 

—13 

71-  80 

60 

78 

—16 

81-  90 

32 

88 

—19 

91-100 

22 

98 

—21 

Pulse  Rate  per 

Minute 

53-  €0 

33 

58 

+  27 

33 

58 

+19 

61-  68 

77 

66 

+26 

77 

66 

+19 

69-  76 

84 

74 

+29 

84 

74 

+18 

64 

74 

+16 

77-  84 

43 

82 

+24 

43 

82 

+16 

74 

82 

+  16 

85-  92 

36 

89 

+29 

36 

89 

+19 

71 

90 

+14 

93-100 

38 

97 

+15 

P.  P.  X  P.  R. 

1000-1999 

37 

1653 

+4522 

37 

1653 

+777 

2000-2999 

85 

2595 

+5235 

85 

2595 

+520 

3000-3999 

107 

3425 

+5825 

107 

3425 

+245 

24 

3543 

+225 

4000-4999 

37 

4375 

+6075 

37 

4375 

-40 

53 

4452 

+  83 

5000-5999 

25 

5455 

+6675 

25 

5455 

-250 

67 

5404 

—379 

600O-«999 

58 

6343 

-256 

7000-7999 

40 

7412 

—955 

8000-8999 

26 

8419 

-«43 

differences  for  groups  with  progressively  increasing  initial  levels  are 
given  in  Table  3. 

In  the  case  of  the  P.  P.  X  P-  R-  product  and  also  of  the  pulse  pres- 
sure and  the  diastolic  pressure,  the  absolute  difference  induced  bj  strain 
is  shown  in  Table  3  to  be  dependent  on  the  level  from  which  the  dift'er- 
ence  is  measured.     On  the  other  hand,  the  pulse  rate  figures  show  no 


246 


ARCHIVES    OF    INTERNAL    MEDICINE 


dependence  and  in  the  case  of  the  systolic  pressure  there  is  an  approxi- 
mately uniform  increase  after  exercise  whether  the  initial  level  is  low 
or  high. 

Porter  and  Richardson "  made  a  series  of  observations  on  various 
species  of  animals  in  order  to  determine  the  effect  of  variations  in  the 
initial  level  of  mean  blood  pressure  on  the  absolute  increase  caused  by  a 
uniform  stimulus.  They  found  that  with  initial  pressures  from  20  to 
160  the  increase  was  approximately  the  same  whether  the  initial  pres- 
sures were  high  or  low.  But  neither  their  figures,  nor  those  given  here 
for  the  systolic  pressure  after  exercise  are  sufficiently  numerous  to 
exclude  the  possibility  of  a  slight  degree  of  dependence.  For  the 
changes  produced  by  strain  in  the  different  groups  are  as  constant  for 
the  pulse  rate  as  for  the  systolic  pressure,  and  yet  when  a  larger  number 
of  observations  are  dealt  with  it  can  be  demonstrated  that  the  higher  the 
original  level  of  pulse  rate  the  less  is  the  absolute  increase  produced 

TABLE  4. — Rel.\tiox   Between   the  Initial  Level  of  Pulse  Rate  and  the 

Effect  Produced  by  Strain.     Pulse  Rate  Per  Minute  from 

Data  on  LOGO  Normal  Recruits 


Effect  of  Change  of  Position: 

Effect  of  Exercise 

Standing  Before  Exercise 

Group 

Average 

Increase 

1     Average 

Increase 

Number  of 

of  Group 

in  Average 

Number  of    I    of  Group 

in  Average 

Subjects  in 

Before 

of  Group 

Subjects  in    j       Before 

of  Group 

Group 

Exercise 

After 

Group            Standing 

After 

Exercise 

Standing 

60-69 

193 

65 

-^33 

193 

65 

+20 

70-79 

305 

74 

+29 

305 

74 

+17 

80-89 

358 

83 

+28 

358 

83 

+15 

90-99 

78 

94 

+26 

78            '            94            '          +14 

by  exercise  and  change  of  position.  These  data  were  obtained  from 
counts  made  on  1,000  normal  recruits  under  conditions  very  similar  to 
those  described  here.^ 

The  "probable  dift'erence  between  the  averages"  of  the  increases  of 
consecutive  groups  were  calculated  and  were  found  to  be  several  times 
smaller  than  the  actual  differences.  This  fact  taken  in  conjunction  with 
the  existence  here  of  a  double  series  both  showing  a  progressive 
decrease  excludes  the  possibility  that  these  differences  can  be  accidental. 

If  an  adequate  number  of  observations  were  available,  it  might  be 
found  that  a  similar  minor  degree  of  dependence  on  initial  level  existed 
in  the  case  of  the  systolic  pressure  also.  But  since  in  any  case  it  has 
been  shown  that  the  original  level  is  a  factor  in  the  change  produced 
in  all  the  other  measurements,  it  is  essential  that  the  records  after 
strain  be  grouped  in  accordance  with  the  order  of  magnitude  of  the 
level  before  strain.     It  is  only  from  the  averages  of  these  groups  and 


3.  Porter  and  Richardson:  Am.  J.  Physiol.  23:131,  1908. 
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from  a  measure  of  their  variability  that  a  standard  may  be  deduced 
which  will  be  applicable  to  all  cases  no  matter  how  variable  the  level 
before  strain. 

The  usual  measure  of  variability — the  standard  deviation — is  appli- 
cable only  in  the  event  of  the  data  grouping  themselves  in  a  "normal" 

TABLE  5. — Averages  and  Standard  Deviations  After  Strain  Arranged  in 
Accordance  with  the  Level  of  Pressure  or  Pulse  Rate  Before  Strain 


Basal 

Basal 

After 

Average 

After 

Strain 

Average 

Strain 

Before 

Before 

After 

Exer- 

After 

After 

Standing 

Standing 

Group 

cise  or 

Exercise 

Standing 

After 

After 

Standing 

Exercise 

Exercise 

Third 

First 

Third 

First 

Third 

First 

Period 

Period 

Period 

Period 

Period 

Period 

No.  I    Av. 

Av. 

c 

Av. 

ff 

Av. 

ff 

No. 

Av. 

Av.             <T 

Systolic 

Pressure 

101-110 

36 

109 

138 

H-13 

131 

-4-12 

112 

-+-11 

111-120 

78 

118 

149 

-H13 

139 

-t-11 

120 

±11 

25 

119 

117        -+-8 

121-130 

75 

128 

161 

-1-15 

153 

-4-14 

126 

-4-11 

40 

128 

123         -4-12 

131-140 

50 

138 

168 

-M2 

160 

-4-11 

134 

-4-13 

54 

139 

134         -4-10 

141-150 

28 

148 

180 

±11 

170 

±14 

147 

±15 

56 

149 

138         -1-11 

151-160 

47 

158 

145         -4-13 

161-170 

42 

168 

153 

±15 

Diastolic 

Pressure 

51-  60 

24 

59 

68 

-1-9 

61-  70 

61 

69 

60 

■+■  9 

69 

-4-8 

76 

-t-  8 

86 

69 

78 

-^9 

71-  80 

110 

79 

66 

■4-  9 

76 

-4-  8 

85 

-1-  9 

105 

78 

82 

-+-7 

81-  90 

80 

88 

73 

-t-10 

82 

-+-11 

92 

-+-10 

61 

88 

94 

±9 

91-100 

32 

98 

81 

±11 

89 

±10 

99 

±  7 

Pulse 

Pressure 

21-  30 

41 

28 

74 

-+-15 

54 

-4-13 

29 

■+■  8 

31-  40 

93 

38 

83 

-4-15 

65 

-4-11 

36 

±8 

41-  50 

101 

48 

90 

-t-13 

72 

-1-13 

41 

±10 

30 

49 

41 

-+-  9 

51-  60 

43 

57 

102 

±13 

83 

±13 

47 

±11 

58 

58 

48 

-4-10 

61-  70 

77 

68 

55 

-4-10 

71-  80 

60 

78 

62 

-+-13 

81-  90 

32 

88 

69     !     -+-15 

91-100 

22 

98 

78     i     ±16 

Pulse  Rate 

53-  60 

33 

58 

85 

-4-10 

71 

-t-6 

76 

±10 

61-  68 

77 

66 

92 

■+■  8 

79 

-+-9 

85 

-+-  8 

69-  76 

84 

74 

102 

-+-11 

86 

-+-8 

92 

-4-8 

64 

74 

90    1     -4-10 

77-  84 

43 

82 

106 

-1-11 

89 

-1-7 

97 

-4-  7 

74 

82 

98     I     -1-  8 

85-  92 

36 

90 

118 

±11 

100 

±9 

109 

±10 

71 

90 

104     i     -4-10 

93-100 

38 

97 

112 

±  9 

P.P.xP.R. 

1 

1000-1999 

37         1653 

6175 

-+•2003 

4045 

-4-1183 

2430 

4-650 

2000-2999 

«5         2595 

7830 

-4-1750 

5180 

-4-1162 

3115 

-+-830 

3000-3999 

107         3425 

9250 

-4-1769 

6195 

-+-1338 

3670 

4-S40 

24 

3545 

3770       -4-832 

4000^999 

37         4375 

10450 

-4-1766 

7125 

-4-1225 

4335 

-4-1255 

53 

4452 

4535       ±9Bi 

5000-5999 

25 

5455 

12130 

-4-1835 

850O 

-4-1667 

5205 

-t-1080 

67 

5404 

5025     -4-1087 

6000-6999 

58 

6343 

6087     -(-128S 

7000-7999 

40 

7412 

6457     -4-1500 

8000-8999 

26 

8419 

7576     -t-1867 

curve.  The  frequency  distributions  given  in  Table  11  show  that  this 
may  be  assumed  to  be  the  case  for  blood  pressure  and  pulse  rate 
observations. 

In  Table  5  the  averages  and  standard  deviations  for  the  periods 
best  adapted  for  revealing  the  efifect  of  strain  are  given.     The  data  in 
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the  periods  before  strain  were  grouped  in  accordance  with  their  order 
of  magnitude,  and  the  corresponding  measurements  after  strain  for 
each  group  were  averaged  and  the  standard  deviation  determined.  Thus, 
for  instance,  the  systolic  pressures  after  exercise  of  all  those  individuals 
whose  systolic  pressure  before  exercise  lay  between  101  and  110,  were 
averaged,  and  so  on.  From  these  figures  standards  of  any  degree  of 
rigidity  may  be  obtained.  For  practical  purposes  it  may  be  regarded  as 
almost  certain  that  no  normal  individual  will  deviate  more  than  ±  3.0 
times  the  standard  deviation  from  the  average.  The  odds  are  that  only 
one  individual  out  of  740  will  vary  as  much  or  more  than  this  from 
the  mean.  With  lesser  degrees  of  deviation  the  chances  that  the  mea- 
surement might  be  such  as  would  be  given  by  a  normal  individual 
rapidly  increase  until  at  the  average  ±  1.75  times  the  standard  devia- 
tion the  odds  are  that  one  out  of  every  twenty-five  normals  might 
deviate  so  far  from  the  average.  Between  these  two  Hmits  lie  the  cases 
which  may  be  either  normal  or  abnormal,  the  chances  varying  according 
as  they  approach  the  lower  or  the  upper  limit.  In  cases  beyond  the 
limit  farthest  from  the  average  there  is  practically  no  chance  of  normal- 
ity ;  in  cases  nearer  the  average  than  the  other  limit,  the  chances  of 
normality  are  so  considerable  that  there  is  not  sufficient  reason  for 
raising  the  hypothesis  of  abnormality. 

In  Figure  2  these  limits  are  charted  from  smoothed  curves  derived 
from  the  data  given  in  Table  5.  In  order  to  save  space  only  the  limits 
for  the  P.  P.  X  P-  R-  product  have  been  charted,  and  only  the  limits 
below  the  average  after  exercise  and  change  of  position  have  been 
defined  because  these  standards  are  sufficient  for  the  grading  of  the 
more  important  abnormalities  found  in  the  patients  we  examined.  For 
cases  with  other  types  of  abnormality  similar  standards  can  be  easily 
prepared  from  Table  5. 

SECTION    II 

THE     SIGNIFICANCE     OF     THE     PRESSURE     AND     PULSE     RATE 
REACTIONS     OF     NORMAL     INDIVIDUALS 

In  this  section  the  reasons  why  exercise  and  change  of  position 
should  produce  the  effects  on  pressure  and  pulse  rate  which  we  have 
noted  are  considered.  The  effects  under  consideration  will  be  more 
easily  followed  by  reference  to  Figure  1.  In  this  chart,  and  in  all  the 
others  given  in  this  paper,  the  darker  shading  indicates  that  the  sub- 
jects were  lying  down,  the  lighter  that  they  were  standing.  The  unshaded 
portion  of  the  chart  is  the  period  during  which  they  were  hopping. 
The  curves  indicate  that  exercise  increases  the  pulse  pressure,  and  the 
pulse  rate,  and  markedly  increases  the  P.  P.  X  P-  R-  product.  Chang- 
ing from  the  recumbent  to  the  erect  position  decreases  the  pulse  pressure, 
increases    the    pulse    rate,    and    has    no    very    definite    eft'ect    on    the 
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P.  P.  X  P-  R-  product.  Before  attempting  any  discussion  of  these 
general  effects  special  experiments  were  carried  out  in  which  the  influ- 
ence of  progressively  increasing  increments  of  work  and  the  effect  of 
several  modifications  in  the  position  of  the  body  were  determined  in 
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Fig.  3. — Lying.  Average  blood  pressure  and  pulse  rate  reactions  of  a  group 
of  five  normal  persons  observed  while  they  were  lying  down  in  the  intervals 
between  increasing  amounts  of  exercise.  This  figure  should  be  compared  with 
Figure  4  in  which  the  reactions  of  the  same  group  are  charted  from  observa- 
tions made  while  they  were  standing.  It  will  be  noted  that  there  is  little  dif- 
ference between  the  P.P.  X  P-R-  curves  in  this  figure  and  in  Figure  4.  But 
the  pulse  pressure  is  higher  and  the  pulse  rate  lower  in  the  lying  than  in  the 
standing  position. 

the  hope  that   the   more  pronounced   pressure  and   pulse   rate   eft'ects 
thereby  produced  would  facilitate  the  interpretation  of  the  results. 

These  special  experiments  were  simply  a  continuation  and  intensifi- 
cation of  the  exercise  conditions  under  which  the  average  effects  shown 
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in  Figure  1  were  obtained,  combined  with  various  alterations  in  the 
position  of  the  body.  Immediately  after  the  completion  of  the  observa- 
tions following  100  hops,  the  subjects  hopped  200  times  and  after  the 
same  intervals  for  the  measurement  of  the  pressure  and  pulse  rate  300 
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Fig.  4. — Standing.  Average  blood  pressure  and  pulse  rate  reactions  of  a 
group  of  five  normal  persons  observed  while  they  were  standing  up  in  the 
intervals  between  increasing  amounts  of  exercise.  This  figure  should  be  com- 
pared with  the  results  on  the  same  group  observed  while  they  were  lying  down. 
(Fig.  3).  The  systolic  pressure  curve  shows  what  has  been  described  as  a 
"delayed  rise  in  systolic  pressure  after  exercise."  This  is  seen  only  when  the 
subjects  are  standing  up.  It  is  absent  from  Figure  3  where  the  sulijects  were 
lying  down. 

and  then  400  and  lastly  500  hops  were  taken.  In  this  manner  a  con- 
secutive series  of  observations  were  made  covering  a  period  of  nearly 
half  an  hour  and  the  efifect  of  the  progressively  increasing  amount  of 
work  was  determined.    The  position  of  the  body  was  varied  by  having 
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the  subjects  lie  down  or  stand  up  between  the  hopping,  or  alternately 
lie  down  and  stand  up  at  intervals  of  forty-five  seconds  between  the 
exercises.  A  group  of  five  normal  individuals  were  observed  during 
lying,  standing,  and  alternate  lying  and  standing  experiments,  and  in 
another  group  of  three  normals  ten  experiments  were  performed  lying 
on  a  tilting  table,  head  down,  at  an  angle  of  23  degrees  and  compared 
with  ten  experiments  on  the  same  subjects  in  which  the  readings  were 
made  while  they  were  standing.*  The  averages  obtained  in  the  experi- 
ments in  which  one  position  was  continuously  maintained  are  charted 
in  Figures  3,  4,  5  and  6.  The  alternate  lying  and  standing  experiment 
will  be  given  later  when  the  efifect  of  change  of  position  is  discussed. 

The  efi:'ect  of  exercise  on  the  circulation  has  been  studied  by  methods 
which  allow  of  an  accurate  measurement  of  changes  in  the  volume  .flow 
of  blood,  i.e.,  of  the  amount  of  blood  flowing  through  the  aorta  per 
unit  of  time.  This  work  has  been  recently  collected  and  summarized 
by  Bainbridge.^  It  is  agreed  that  two  changes  occur  in  the  heart's 
action.  There  is  an  increase  in  the  amount  of  blood  discharged  at  each 
systole  and  there  is  an  increase  in  the  number  of  systoles.  The  com- 
bined eflfect  of  both  of  these  changes  is  an  increase  in  the  amount  of 
blood  flowing  per  unit  of  time  through  the  aorta.  Lindhard  ^  and 
Newburgh  and  Means  '  found  that  when  muscular  work  was  performed 
there  was  a  direct  proportion  between  the  amount  of  work  done,  and 
the  increase  in  the  volume  flow  of  blood.  This  gives  the  most  complete 
and  final  answer  to  the  question  as  to  the  general  circulatory  efifect  of 
exercise,  so  that  all  we  need  do  is  to  study  our  pressure  and  pulse  rate 
data  in  order  to  find  whether  there  is  anything  in  them  which  might 
have  enabled  us  to  arrive  at  the  correct  conclusion  if  we  had  had  to 
depend  on  them  alone.  If  the  volume  flow  of  blood  had  been  measured, 
and  plotted  on  our  charts  it  would  have  shown  a  progressive  increase 
with  each  increment  of  work,  so  that  if  any  pressure  or  pulse  rate  data 
can  be  taken  as  an  index  of  changes  in  volume  flow  the  curves  derived 
from  them  must  also  show  this  progressive  increase. 

When  the  charts  are  studied  in  the  light  of  these  facts  it  is  clear 
that  the  only  curves  which  can  approximate  to  changes  in  volume  flow 
of  blood  are  the  P.  P.  X  P.  R-  curves.  In  all  the  four  charts,  irrespec- 
tive of  the  position  of  the  body,  there  is  a  progressive  increase  as  the 
work  done  increases.  This  is  what  might  have  been  expected  on  a 
priori  grounds,  for  the  volume  flow  of  blood  per  minute  is  the  product 

4.  An  experiment  of  this  sort  was  made  on  this  group  while  they  sat  down 
between  the  exercises.  The  results  closely  resembled  those  obtained  in  the 
standing  experiments. 

5.  Bainbridge :    The  Physiology  of  Aluscular  Exercise,  1919,  Oxford  Press. 

6.  Lindhard:  Arch.  f.  d.  ges.  Physiol.  161:233,  1915. 

7.  Newburgh  and  Means:    J.  Pharmacol.  &  Exper.  Therap.  7:441.  1915. 
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of  the  systolic  output  per  beat  and  the  number  of  beats  per  minute. 
The  pulse  pressure  is  produced  by  the  systolic  output  of  the  heart,  and, 
other  things  being  equal,  will  increase  in  direct  proportion  to  any 
increase  in  the  amount  of  blood  discharged  into  the  aorta  with  each 
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Fig.  5. — Inverted  Lying.  Average  blood  pressure  and  pulse  rate  reactions 
derived  from  ten  experiments  on  three  normal  persons  while  they  were  lying 
inverted  on  a  table  at  an  angle  of  23  degrees  in  the  intervals  between  increasing 
amounts  of  exercise. 

This  figure  should  be  compared  with  the  results  on  the  same  group  observed 
while  they  were  standing  (Fig.  6).  It  shows  that  during  inverted  lying  the 
pulse  pressure  is  higher  and  the  pulse  rate  lower  than  in  the  standing  position, 
though  there  is  not  much  difference  between  the  P.  P.  X  P-  R-  curves  in  the  two 
experiments. 

systole  of  the  heart.  The  P.  P.  X  P-  R-  product  may,  therefore,  be 
expected  to  follow  changes  in  volume  flow  of  blood  more  closely  than 
any  other  pressure  or  pulse  rate  measurements.  These  charts  show 
that  what  might  be  expected  does  actually  occur. 
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If  any  one  of  these  charts  is  studied  alone,  it  might  appear  that 
pulse  pressure  or  pulse  rate  alone  might  follow  the  changes  in  volume 
flow,  for  both  of  these  curves  increase  with  each  increment  of  work. 
But  if  the  curves  in  the  lying  experiments  are  compared  with  the  same 
curves  in  the  standing  experiments,  it  will  be  noticed  that  the  position 
of   the  body  has  a  considerable  influence  on  the  degree  of  increase 
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Fig.  6. — Standing.  Average  blood  pressure  and  pulse  rate  reactions  derived 
from  ten  experiments  on  three  normal  persons  while  they  were  standing  in  the 
intervals  between  increasing  amounts  of  exercise.  For  comparison  with  Figure  5. 

shown  by  each  of  them.  In  Table  6  the  first  readings  after  exercise 
in  the  lying  position  are  compared  with  the  first  readings  after  exer- 
cise in  the  standing  position,  and  in  Table  7  the  first  readings  after 
exercise  while  the  subjects  were  lying  inverted  are  contrasted  with  read- 
ings on  the  same  subjects  made  at  the  same  point  while  they  were 
standing. 
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In  both  comparisons  the  pulse  pressure  increase  is  less  and  the  pulse 
rate  increase  is  greater  when  standing  than  when  lying.  The  reason  for 
these  differences  will  be  discussed  when  the  eft'ect  of  change  of  posi- 
tion is  considered.  They  are  mentioned  here  in  order  to  show  that 
neither  pulse  pressure  nor  pulse  rate  alone  can  be  adequate  measures 
of  the  effect  of  exercise  because  they  are  influenced  by  a  factor  extra- 
neous to  the  exercise.    So  also  it  may  be  said  that  neither  systolic  output 

TABLE  6. — Effect  of  Exercise.  Comparison"  of  Observations  AIade  Imme- 
diately After  Exercise  ox  Subjects  Who  Were  Lvin'g  Down,  With 
Observations  Made  at  the  Same  Point  on  the  Same  Subjects  When 
They  Were  Kept  Standing 


Exercise: 
Number 
of  Hops 


Position 


Blood  Pressure 


Systolic     Diastolic 


Pulse 
Pressure 


Pulse 
Rate 


P.  P.  X  P.  R. 


lOO  Lying.... 

Standing 
200        I    Lying.... 

Standing 
300  Lying.... 

Standing 
400  Lying.... 

Standing 
500  Lying 

Standing 


13S 
147 
1.50 
136 
154 
140 
1.58 
135 
162 
132 


84 
104 

95 
108 

92 
111 

94 


83 
111 

95 
122 
102 
131 
107 
142 
118 
151 


6,494 
8.5.56 

9,324 
10,249 
10,6.'0 
12,436 
11,600 
13,1W) 
13,160 
14,:00 


TABLE  7. — Effect  of  Exercise.  Comp.\rison  of  Observ.\tions  Made  Imme- 
diately After  Exercise  on  Subjects  ^^"H0  Were  Lying  Inverted  Head 
Down,  With  Observations  Made  at  the  Same  Point  on  the  Same 
Subjects  When  They  Were  Kept   Standing 


Exercise: 
Number 
of  Hops 


200 
300 
400 
500 


Position 


Lying  inverted. 

Standing 

Lying  inverted. 

Standing 

Lying  inverted. 

Standing 

Lying  inverted. 

Standing 

Lying  inverted. 
Standing 


Blood  Pressure 
Systolic     Diastolic 


144 
136 
153 
142 
160 
144 
167 
139 
167 
132 


Pulse 
Pressure 


81 
96 
92 
IM 

110 
91 


Pulse 

Rate        P.  P. 


81 
101 

88 
117 
101 
129 
105 
140 
116 
148 


P.  R. 


5,830 

7,275 

7,6.50 

9,400 

9,660 

ll,S0O 

10,900 

13,120 

12,770 

13,3.50 


per  beat  nor  pulse  rate  alone  are  measures  of  the  actual  changes  in 
volume  flow  of  blood.  These  changes  can  be  measured  only  by  the 
product  of  the  systolic  output  per  beat  and  the  number  of  beats  per 
unit  of  time.  And  in  the  data  we  have  obtained  in  these  experiments 
the  only  curves  which  can  coincide  with  the  progressive  and  uniform 
increase  in  volume  flow  of  blood  which  we  know  occurred,  are  the 
curves  derived  from  the  product  of  the  pulse  pressure  and  the  pulse 
rate. 


256 


ARCHIVES     OF    IXTERXAL    MEDICI. \E 


It  may  be  concluded,  therefore,  that  an  attempt  to  determine  the 
effect  of  exercise  on  the  circulation  from  pressure  and  pulse  rate  data 
alone  could  have  been  successful  only  if  it  had  been  based  on  the 
changes  in  the  P.  P.  X   P-  R-  product. 


ALTERNATE  LYING  AND  STANDING 
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Fig.  7. — Alternate  Lying  and  Standing.  Average  blood  pressure  and  pulse 
rate  reactions  of  a  group  of  five  normal  persons  observed  while  they  alternately 
lay  down  and  stood  up  during  forty-five  second  periods  in  the  intervals  between 
increasing  amounts  of  exercise.  The  darker  areas  are  the  periods  when  the 
subjects  were  lying  down,  the  lighter  the  periods  during  which  they  were 
standing.  It  w^ill  be  noted  that  the  P.P.  X  P-R-  curve  is  almost  smooth  after 
100  hops  but  that  on  standing  there  is  a  progressively  increasing  break  in  the 
curve  as  the  amount  of  exercise  increases. 


The  foregoing  interpretation  of  changes  in  blood  pressure  and  pulse 
rate  measurements  after  exercise  in  the  light  of  knowledge  of  the  actual 
circulatory  effect  may  be  used  as  a  guide  in  discussing  the  effect  of 
change  of  position,  a  question  in  which  we  have  no  decisive  knowledge 
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to  guide  us  and  one  in  which  we  shall  accordingly  have  to  depend  on 
pressure  and  pulse  rate  observations  alone.  One  result  of  difference 
in  bodv  position  has  already  been  noted  in  the  comparison  between  read- 
ings made  in  the  lying  and  in  the  standing  positions,  but  a  more  striking 
result  was  obtained  when  the  subjects  were  required  alternately  to  lie 
down  and  stand  up  at  forty-five  second  intervals.  This  experiment  was 
carried  out  on  the  same  group  of  five  individuals  from  whom  the  read- 
ings charted  in  Figures  3  and  4  were  obtained.  The  results  are  shown 
in  Figure  7.  The  darker  areas  in  the  chart  are  the  periods  when  the 
subjects  were  lying  down,  the  lighter  the  time  during  which  they  were 
standing. 

The  general  result  of  these  sudden  alterations  of  position  is  that 
the  smooth  curves  obtained  in  the  experiments  in  which  one  position 
was  continuously  maintained  are  replaced  by  broken  curves.  The 
breaks  recur  regularly  at  each  change  of  position.  On  standing,  the 
systolic  pressure  drops  and  the  diastolic  pressure  rises,  so  that  there  is 

TABLE  8.— Effect  of  Change  of  Position.  Comparison  of  Observations  on 
Subjects  Immediately  After  They  Stood  Up  With  Observations  on  the 
Same  Subjects  at  the  Same  Point  in  the  Experiment  on  Continued 
Standing 


Exercise: 
Number 
of  Hops 

Position 

Blood  Pressure 

Pulse 
Pressure 

Pulse 
Rate 

P  P   X  P  R 

Systolic 

Diastolic 

lOO 

Standing  after  lying 

Standing  continuously 

117 
133 

73 
76 

44 
57 

83 
94 

3,835 
5,380 

200 

Standing  after  lying 

Standing  continuously 

111 
143 

'^ 

40 
69 

97 
98 

3,870 
6.736 

SCO 

Standing  after  lying 

Standing  continuously 

111 

148 

71 
65 

40 
83 

104 
107 

4,160 
8,900 

4C0 

Standing  after  lying 

Standing  continuously 

110 
140 

78 
68 

37 

72 

118 
114 

4,350 
8,180 

500 

Standing  after  lying 

Standing  continuously 

105 
138 

.      71 
63 

34 
75 

123 
123 

4,190 
9,548 

a  great  decrease  in  pulse  pressure.  But  it  will  be  noted  that  with  every 
change  in  the  pulse  pressure  curve  there  is  a  change  in  the  contrary 
direction  in  the  pulse  rate  curve.  If  these  counterbalancing  alterations  in 
pulse  pressure  and  pulse  rate  had  exactly  neutralized  one  another  the 
P.  P.  X  P-  R-  curve  would  have  been  quite  smooth.  But  as  the  amount 
of  exercise  increases  the  breaks  in  the  P.  P.  X  P-  R-  curve  become 
more  and  more  marked.  After  100  hops  the  curve  is  almost  smooth, 
but  after  500  hops  there  is  a  very  pronounced  fall  during  the  first 
fifteen  seconds  after  standing.  So  far  as  the  product  is  concerned, 
these  breaks  in  the  curve  immediately  after  standing  are  all  that  dis- 
tinguish this  alternate  lying  and  standing  experiment  from  the  lying 
experiment  or  the  standing  experiment  on  the  same  subjects.  In  the 
latter  the  P.  P.  X  P-  R-  curves  are  quite  smooth,  in  this  one  they  are 
broken.    It  is  evident  that  in  this  experiment  during  the  period  immedi- 
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ately  following  the  assumption  of  the  erect  position,  and  during  this 
short  period  alone,  some  new  factor  becomes  operative  which  has  the 
eftect  of  diminishing  the  P.  P.  X  ?•  R-  product.  Elsewhere  the  prod- 
uct is  smooth,  and  the  changes  in  pulse  pressure  and  pulse  rate  are  such 
as  have  already  been  noted  as  characteristic  of  the  standing  as  opposed 
to  the  lying  position,  and  leave  the  P.  P.  X  P-  R-  unaffected.  But  in 
this  first  fifteen  seconds  after  standing  something  happens  which  is  not 
present  when  the  erect  position  is  continuously  maintained.  This  is 
evident  from  Table  8  in  which  the  readings  made  during  the  first  fifteen 
seconds  after  standing  in  the  alternate  lying  and  standing  experiments 
are  contrasted  with  readings  made  during  the  same  period  in  the  con- 
tinued standing  experiment. 

In  the  figures  from  the  continued  standing  experiment  the 
P.  P.  X  P-  R.  product  increases  from  5,380  after  100  hops  to  9,548 
after  500  hops.  The  increase  after  each  increment  of  exercise  is,  it  is 
true,  not  so  uniform  as  in  the  experiments  in  which  the  lying  position 
was  maintained,  but  there  is,  nevertheless,  evidence  of  a  relation  between 
the  amount  of  work  done  and  the  magnitude  of  the  product.  But  in 
the  alternate  lying  and  standing  experiment  the  product  at  this  period 
is  only  3.835  after  100  hops  and  after  500  hops  it  is  only  4,190;  that  is 
to  say,  the  product  is  not  only  considerably  lower  throughout,  but  fails 
to  show  the  increase  on  additional  exercise  which  occurs  in  all  the  other 
experiments. 

The  correspondence  we  noted  between  changes  in  the  P.  P.  X  P-  R- 
product  and  known  changes  in  volume  flow  of  blood  allow  us  to  inter- 
pret these  abnormally  low  products  as  indicative  of  a  failure  of  the 
cardiovascular  system  to  supply  the  large  amount  of  blood  required  on 
account  of  the  amount  of  muscular  work  performed.  We  may,  there- 
fore, conclude  that  after  exercise  the  sudden  assumption  of  the  erect 
position  is  associated  with  a  transitory  circulatory  failure.  The  mecha- 
nism of  the  inadequate  blood  supply,  however,  cannot  be  deduced  from 
the  product  alone  but  must  be  looked  for  in  the  pressure  and  pulse 
rate  changes  from  which  the  low  products  are  derived.  Table  8  shows 
that  in  the  alternate  lying  and  standing  experiment  the  pulse  rate  is 
essentially  the  same  as  in  the  continued  standing  experiment,  so  we 
may  conclude  that  the  circulatory  failure  is  not  due  to  an  insufficient 
number  of  systoles  of  the  heart.  After  500  hops  when  the  circulation 
rate  is  most  defective,  the  pulse  rate  is  exactly  the  same  as  in  the  con- 
tinued standing  experiment,  and  it  is  clear  that  at  this  and  at  all  other 
points  the  product  is  low  because  of  the  low  pulse  pressure.  After 
500  hops,  for  instance,  the  pulse  pressure  is  only  34  as  against  75  on 
continued  standing.  We  may,  therefore,  conclude  that  the  circulatory 
failure  is  due  to  an  insulificient  systolic  output  at  each  contraction  of 
the  heart.     Figure  7  shows  how  great  is  the  drop  in  pulse  pressure 
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towards  the  end  of  the  alternate  lying  and  standing  experiment  and 
also  how  rapidly  the  discrepancy  is  made  good.  We  must,  therefore, 
seek  an  explanation  for  an  inadequacy  in  systolic  output  per  beat 
occurring  during  the  hrst  fifteen  seconds  after  the  assumption  of  the 
erect  position  in  normal  individuals  fatigued  by  exercise. 

Cardiac  inhibition  will  not  explain  it  for  the  pulse  rate  quickens. 
It  cannot  arise  from  cardiac  failure  because  the  output  increases  again 
almost  at  once.  It  can  then  only  be  due  to  a  temporary  decrease  in  the 
amount  of  blood  flowing  back  to  the  heart,  and  the  blood  which  failed 
to  return  to  the  heart  must  have  been  held  in  the  capillaries  or  in  the 
veins.  The  low  systolic  pressure  is  sufficient  evidence  that  it  was  not 
in  the  arteries.  But  why  should  a  pooling  of  blood  in  the  capillaries 
or  in  the  veins  occur,  as  Figure  7  shows  it  does,  only  when  the 
subjects  changed  from  the  lying  to  the  standing  position?  A  purely 
mechanical  answer  would  be  that  in  the  erect  position  the  blood  from 
the  greater  part  of  the  body — the  abdomen  and  limbs — has  more 
difficulty  in  getting  back  to  the  heart  because  it  has  to  run  up  hill  against 
the  force  of  gravity.  But  the  dififerences  shown  in  Table  8  between 
the  alternate  lying  and  standing  results  and  those  obtained  in  the 
continued  standing  experiment  cannot  be  accounted  for  in  this  way, 
because  at  the  period  chosen  for  the  comparison  the  force  of  gravity 
was  equally  operative  in  both  experiments.  The  effect  of  gravity  may, 
nevertheless,  be  an  adequate  explanation  of  the  diiiferences  in  the 
pulse  pressure  and  pulse  rate  levels  in  Tables  6  and  7,  and  in  Figures 
3  and  5,  as  compared  with  Figures  4  and  6.  In  these  experiments 
the  only  essential  difference  in  the  conditions  was  that  in  the  lying 
position  the  force  of  gravity  was  in  abeyance  while  in  the  standing 
position  it  was  at  work.  We  may  conclude,  therefore,  that  the  lower 
pulse  pressures  and  the  higher  pulse  rates  observed  in  the  standing 
position  are  due  to  the  action  of  gravity,  and  they  may  be  interpreted 
as  indicating  smaller  systolic  outputs  at  each  beat  of  the  heart  with 
a  larger  number  of  systoles.  It  is  allowable  to  surmise  that  this 
result  is  brought  about  by  a  lowering  of  pressure  in  the  large  veins 
due  to  a  diminution  of  the  force  of  the  stream  of  blood  returning  to 
the  heart  when  it  has  to  flow  uphill  against  gravity.  This  decrease 
in  venous  pressure  would  be  followed  by  a  decrease  in  the  filling 
of  the  heart  during  diastole,  and  so  to  smaller  systolic  outputs  per 
beat.  The  increased  pulse  rate  is  a  compensatory  process,  designed 
to  counteract  the  necessary  fall  in  venous  pressure  and  to  prevent 
any  decrease  in  the  volume  flow  of  blood. 

Another  secondary  manifestation  of  the  effect  of  gravity  is  the 
"delayed  rise  in  systolic  pressure"  which  is  seen  only  in  the  standing 
experiments.      (Figs.  4  and  6).     This  is  surely  mainly  an  effect   of 
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gravity  and  not  as  has  sometimes  been  supposed  ^  a  resvilt  of  cardiac 
weakness.  Nor  is  a  temporary  pooling  of  blood  in  the  vessels  of 
muscles  suddenly  relaxed  by  the  cessation  of  exercise — a  suggestion 
offered  by  Cotton,  Rapport  and  Lewis  ^ — an  entirely  satisfactory 
explanation,  for  there  is  no  delay  in  the  systolic  rise  after  exercise  in 
the  lying  experiments  in  which  muscular  relaxation  must  have  been 
more  complete  than  in  the  standing  position.  It  may  be  accounted  for 
as  the  result  of  a  relatively  smaller  output  per  beat  immediately  after 
exercise  due  to  the  combined  effect  on  the  venous  pressure  of  gravity 
and  a  delayed  return  of  blood  held  in  capillaries  dilated  by  the  exercise. 
As  these  dilated  vessels  recover  their  tone  the  pressure  in  the  large 
veins  rises,  the  systolic  output  per  beat  increases,  and  thereby  the 
delayed  rise  in  systolic  pressure  is  produced. 

But  the  force  of  gravity  cannot  be  the  only  explanation  of  the 
real  though  transient  circulatory  failures  shown  by  the  breaks  in  the 
P.  P.  X  P-  R-  curve  in  Figure  7,  because  there  is  no  such  failure  in  the 
continued  standing  experiments,  although  the  fact  that  the  breaks  occur 
only  during  the  first  fifteen  seconds  after  the  change  to  the  erect  posi- 
tion would  appear  to  show  that  it  is  one  of  the  determining  factors. 
But  that  gravity  itself  is  not  enough  is  indicated  in  Figure  7  by  the 
fact  that  the  product  curve  is  almost  smooth  after  100  hops.  It  is 
only  after  200  hops  that  a  definite  break  occurs,  and  as  the  amount  of 
work  increases,  the  breaks  become  more  and  more  pronounced  so  that 
the  amount  of  muscular  exertion  which  preceded  the  standing  appears 
to  have  been  a  contributing  factor  in  causing  the  delay  in  the  return 
of  blood  to  the  heart.  It  should  be  remembered  that  the  amount  of 
work  entailed  in  these  exercises  was  very  considerable,  and  although 
the  subjects  chosen  were  strong  and  healthy,  they  showed  very  evident 
signs  of  fatigue  before  the  end  of  each  experiment.  Another  proof 
that  fatigue  is  a  necessary  factor  is  the  absence  of  any  break  in  the 
P.P.  X  P.R.  curve  shown  in  Figure  1  which  was  obtained  from  300 
normal  subjects  after  100  hops. 

\\\\y  should  a  transient  decrease  in  the  return  of  blood  to  the 
heart  occur  when  normal  individuals,  who  are  tired  with  muscular 
work,  stand  up?  The  phenomenon  suggests  a  temporary  failure  under 
fatigue  of  some  regulatory  mechanism  concerned  with  the  adaption 
of  the  circulation  to  withstand  the  force  of  gravity.  Krogh's  "  demon- 
stration of  the  power  for  active  contraction  possessed  by  capillaries, 
and  Hooker's  ^^  proof  that  the  capacity  of  the  capillaries  and  venules 
is  controlled  through  the  central  nervous   system  make  it  seem  not 
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unlikely  that  the  blood  which  failed  to  return  to  the  heart  in  our 
experiments  may  have  been  held  in  the  capillaries  and  venules  because 
under  the  influence  of  fatigue  the  central  nervous  system  did  not 
induce  so  quickly  as  usual  the  constriction  of  these  vessels  which 
would  have  prevented  any  pooling  of  blood  within  them  under  the 
influence  of  gravity. 

The  circulatory  abnormalities  shown  in  Figure  7  can  be  explained 
under  the  terms  of  this  hypothesis.  They  arise  under  conditions  of 
fatigue  from  muscular  exertion  as  the  result  of  a  failure  in  the  central 
nervous  system.  The  failure  consists  in  an  inability  to  produce  with 
sufficient  promptitude  the  increase  in  the  tone  of  the  capillaries  which 
is  required  to  meet  the  effect  of  the  force  of  gravity  on  the  blood 
when  the  erect  position  is  suddenly  assumed.  As  a  consequence  the 
capillaries  dilate  before  the  strain,  the  blood  is  pooled  in  the  tissues, 
there  is  a  marked  fall  in  venous  pressure,  in  diastolic  filling  of  the 
heart,  and  so  in  systolic  output  per  beat  and  in  pulse  pressure.  The 
systolic  pressure  falls  because  of  the  relatively  small  amount  of  blood 
forced  into  the  aorta.  The  diastolic  pressure  rises  because  of  the 
increased  peripheral  resistance  caused  largely  by  the  banked  up  blood 
in  the  tissues.  The  delay  in  the  return  of  blood  to  the  heart  is  not 
entirely  counteracted  by  the  compensatory  increase  in  pulse  rate,  and 
the  heart  for  the  moment  fails  to  send  an  adequate  supply  of  blood 
through  the  aorta  to  the  body.  These  transitory  circulatory  failures 
are  marked  by  the  breaks  in  the  P.P.  X  P.R.  curve  in  Figure  7. 

Finally,  it  may  be  well  to  meet  an  objection  which  may  be  raised 
on  general  grounds.  The  reaction  of  the  cardiovascular  system  to 
exercise  is  so  smoothly  and  faultlessly  accomplished  that  it  may  seem 
improbable  that  there  can  be  any  failure  to  meet  the  mechanically  much 
smaller  strain  involved  in  overcoming  the  force  of  gravity.  But  the 
perfection  of  the  adaption  to  exercise  is  the  fruit  of  uncounted  ages 
of  evolution.  The  adaption  to  the  erect  position  is  only  recent  and  is 
not  yet  complete. 

SECTION    III 

PRESSURE     AND     PULSE     RATE     REACTIONS     IN     PATIENTS 

1.  Irritable  Heart. — The  normal  standards  given  in  the  first  section 
of  this  paper  were  used  in  grading  the  reactions  of  men  suffering 
from  the  condition  known  as  irritable  heart.  A  characteristic  type 
of  deviation  from  normality  was  constantly  found.  But  the  degree 
of  deviation  in  any  given  patient  varied  somewhat  from  day  to  day  or 
even  from  hour  to  hour,  and  in  order  to  diminish  this  variability  the 
average  of  five  tests  on  different  days  was  usually  taken.  A  large 
number  of  records  were  thus  obtained  from  these  patients  in  the 
routine  work  of  attempting  to  determine  their  capacity  for  military 
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Fig.  8. — Irritable  Heart  Patients.  Average  blood  pressure  and  pulse  rate 
reactions  derived  from  580  observations  on  156  cases  of  irritable  heart.  It  will 
be  noted  that  the  breaks  in  the  P.P.  X  P-R-  curve  on  standing  before  and  after 
exercise  are  similar  to  the  breaks  in  the  product  curve  in  normal  persons  after 
they  are  exhausted  by  exercise  (Fig.  7),  for  in  both  cases  these  breaks  are 
mainly  due  to  a  drop  in  systolic  pressure.    Compare  with  Figure  1. 
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service.  The  averages  of  580  tests  on  156  patients  who  had  been 
classified  as  belonging  to  what  has  been  called  the  constitutional  divi- 
sion of  the  irritable  heart  group  are  given  in  Table  9  and  charted  in 
Figure  8. 

In  these  patients  the  basal  and  daytime  levels  of  pressure  and 
pulse  rate  have  already  been  shown  to  coincide  fairly  closely  with  the 
normal.^-  Yet  in  spite  of  this  essential  normality  in  initial  level  a 
comparison  of  Figure  8  with  the  curve  of  the  average  normal  reactions 
in  Figure  1  demonstrates  a  marked  departure  from  the  normal.  It 
is  therefore  a  latent  abnormality  which  becomes  apparent  only  under 
strain. 

Further,  it  is  an  abnormality  which  is  revealed  only  by  a  specific 
type  of  circulatory  strain,  i.e.,  the  strain  involved  in  the  adaption 
required  when  the  erect  position  is  assumed.  Figure  8  shows  that 
the  average  reaction  to  exercise  is  entirely  normal.  The  variability 
is   somewhat   greater  and   in   some   cases   there  was   what   we   called 

TABLE  9. — Average  Blood  Pressure  and  Pulse  Rate  Obtained  from  580 
Observations  of  156  Patients  With  Constitutional  Neurocirculatory 
Disability 


Systolic 

Diastolic 

Pulse  pressure 

Pulse  rate 

P.  P.    X   P.  R. 


Time  in  Seconds 


0  15  SO         45         60     .     75         90         140        155        170        185        200       215        2S0 


1 

Lying 

I     1 
Standing 

Hop- 

Lying 

1     1 
Standing 

ping 

131 

129 

113 

135 

131 

1.58 

152 

121 

142 

140 

76 

79 

84 

90 

91 

65 

73 

84 

86 

88 

55 

50 

28 

45 

40 

93 

79 

36 

56 

52 

85 

82 

107 

96 

95 

116 

99 

123 

110 

108 

4680 

4120 

2990 

4320 

380O 

1 10788 

7750 

4440 

6160   5620  1 

"overaction",  i.e.,  an  excessive  increase  in  the  P.P.  X  P.R.  product 
after  exercise,  but  on  the  average  these  patients  have  an  adequate 
and  normal  response  to  the  strain  of  exercise.  On  the  other  hand, 
the  average  curves  show  a  pronounced  deviation  from  the  normal 
immediately  after  standing  both  before  and  after  exercise.  In  some 
individual  cases  the  difference  from  the  normal  was  slight ;  in  others, 
It  was  very  marked  and  constant.  And,  in  general,  there  seemed 
to  be  a  fairly  close  relation  between  the  severity  of  the  symptoms  and 
the  degree  of  difference  from  the  normal. 

The  nature  of  the  abnormality  is  clearly  shown  in  Figure  8.  After 
standing  there  is  a  break  in  the  P.  P.  X  P-  R-  curve  where  it  is  almost 
smooth  in  normal  individuals.  These  breaks  are  due  to  a  sudden  fall 
in  pulse  pressure  and  this  again  is  mainly  due  to  a  drop  in  systolic 
pressure.     If  Figure  7  is  consulted  it  will  be  seen  that  the  abnormality 


12.  Addis:   Arch.  Int.  M.  29:539  (April)   1922. 


264 


ARCHIVES     OF    IXTERXAL    MEDICIXE 


in  the  patients  is  in  every  respect  similar  to  the  failure  in  circulation 
which  occurs  in  normal  individuals  when  they  are  required  to  stand 
up  after  being  tired  with  a  considerable  amount  of  muscular  work. 
The  only  difiference  between  the  patients  and  the  normals  consists  in 
the  fact  that  this  failure  appears  in  the  patients  before  they  have 
done  any  work  at  all,  while  in  normal  individuals  some  degree  of 
exhaustion  by  muscular  exertion  is  required  before  any  failure  can 
be  demonstrated. 

The  cause  of  this  particular  form  of  circulatory  failure  has  already 
been  discussed  in  Section  IL  The  conclusion  was  reached  that  the 
immediate  cause  is  a  failure  of  the  capillaries  to  affect  the  adjustment 
of  capacity  required  to  counterbalance  the  force  of  gravity  when  the 
vertical  position  is  assumed,  and  that  the  primary  cause  is  a  failure 
of  the  complex  coordination  of  impulses  which  is  required  of  the 
central  nervous  system.  This  explanation,  which  is  in  accordance  with 
the  facts  observed  in  normal  persons,  is  also  in  harmony  with  the  signs 
and  symptoms  observed  in  the  patients.     As  their  hands  hang  dowm 

TABLE  10. — Blood  Pressure  and  Pulse  Rate  Reactions  in  a  Patient  With 
Hypertension  and   Symptoms    Suggestive  of   Cardiac  Weakness 


Hopping 
25  Times 


Systolic 

Diastolic 

Piilse  pressure 

Pulse  rate 

P.  P.    ■    P.  R. 


Lying 

Standing 

220 

210 

215 

205 

210 

205 

150 

IfiO 

150 

150 

155 

145 

70 

50 

65 

55 

55 

60 

104 

100 

104 

104 

100 

ICO 

7280 

5000 

6760 

5720 

5500 

6000 

Lying 

Standing 

200 

210 

210 

220 

220 

135 

145 

150 

150 

155 

65 

65 

60 

70 

65 

108 

104 

104 

108 

100 

7020 

6760 

6240 

7560 

6500 

2-20 

155 

65 

92. 

5980 


they  are  engorged,  cyanosed  and  cold.  This  is  the  visible  evidence 
of  the  delay  and  accumulation  of  blood  in  their  capillaries.  As  they 
rise  from  the  recumbent  position,  they  become  dizzy  and  faint.  This 
is  evidence  of  a  failure  in  the  return  of  blood  to  the  heart  and  conse- 
quent temporary'  cerebral  anemia.  Their  palpitations,  precordial  pain, 
and  dyspnea,  when  conditions  call  for  a  sudden  increase  in  the  volume 
flow  of  blood,  are  the  result  of  an  inadequate  and  irregular  return 
flow  of  blood  to  the  heart  from  their  dilated  capillary  areas.  And 
there  was  ample  clinical  evidence  in  these  patients  of  the  nervous 
instability  which  I  believe  is  at  the  root  of  the  condition.  A  neuro- 
pathic family  history  is  almost  constant  in  the  constitutional  type,  and 
a  great  variety  of  symptoms  could  be  traced  ultimately  to  defective 
nervous  control.  Later  as  men  began  to  return  from  France  many 
were  seen  who  presented  the  same  symptoms  found  in  the  constitu- 
tional type,  though  in  less  marked  degree.  They  showed  the  same 
pressure  and  pulse  rate  reactions,  though  the  fall  in  pulse  pressure 
on  standing  was  less  pronounced.  Psychic  or  physical  exhaustion 
seemed  to  be  the  cause  in  this  group  of  acquired  cases  and  in  them 
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n  J'^:  V^f"^'^",  ^^'^f'^-     ^^^  ^^"""^  pressure  and  pulse  rate  reaction  of  a 
patient  who  showed  evidence  of  an  early  stage  of  cardiac  decompensation. 


TABLE   11. — Frequence'  Distributions  of  Pressure  and  Pulse  Rate  of  300 

Normal  Individuals 

Time  in  Seconds 


30    45    60 


90    140   155   170   185   200   215   220 


1 

1 
Lying 

1           1 
Standing           Hop- 

1 

1 
Lying 

1           1 
Standing 

ping 

Systolic  Pres-  ; 

i 

sure 

1 

81-  90 

7 

6 

6 

2 

1 

2 

1 

2 

2 

91-100 

18 

17 

19 

22 

6 

11 

2 

2 

2 

4  : 

2 

4 

101-110 

32 

33 

30 

45 

23 

24 

2 

4 

7 

18 

8 

.11 

111-120 

65 

76 

78 

82 

54 

61 

8 

13 

25 

37 

27 

30 

121-130 

83 

73 

75 

66 

73 

82 

26 

34 

40 

65 

47 

69 

131-140 

47 

53 

50 

45 

72 

62 

50 

45 

54 

71 

72 

62 

141-150 

31 

25 

28 

19 

31 

29 

46 

55 

56 

48 

56 

59 

151-160 

12 

11 

4 

13 

18 

19 

56 

56 

47 

28 

32 

30 

161-iro 

2 

3 

3 

3 

10 

6 

49 

53 

42 

16 

34 

•19 

lVl-180 

3 

3 

1 

2 

8 

3 

36 

20 

13 

8  ' 

11 

7 

181-190 

1 

•     2 

0 

13 

8 

5 

5 

7 

6 

191-200 

2 

1 

8 

4 

4 

3 

3 

201-210 

1 

3 

3 

0 

211-220 

2 

1 

1 

Diastolic  Pres- 

sure 

31-  40 

1 

41-  50 

5 

3 

27 

8 

2 

1 

51-  60 

19 

15 

12 

7 

4 

4 

82 

46 

24 

20 

7 

4 

61-  70 

84 

65 

61 

35 

21 

13 

105 

106 

86 

41 

31 

31 

71-  80 

103 

110 

110 

84 

58 

57 

48 

85 

105 

107 

88 

84 

81-  90 

69 

77 

80 

99 

113 

113 

32 

39 

61 

79 

101 

98 

91-100 

16 

26 

32 

54 

70 

70 

5 

13 

18 

39 

48 

53 

101-110 

4 

3 

5 

19 

24 

29 

3 

4 

12 

20 

24 

111-120 

1 

2 

9 

13 

1 

4 

6 

121-130 

1 

1 

1 

Pulse  Pressure 

11-  20 

2 

5 

5 

20 

2 

6 

1 

1 

1 

2 

21-  30 

28 

29 

41 

74 

45 

73 

1 

1 

3 

20 

7 

14 

31-  40 

70 

86 

93 

105 

101 

110 

0 

5 

11 

46 

34 

49 

41-  50 

99 

106 

101 

67 

96 

75 

6 

9 

30 

73 

71 

85 

51-  60 

61 

48 

43 

25 

37 

26 

14 

35 

58 

81 

83 

84 

61-  70 

20 

15 

13 
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the  nervous  element  was  strongly  marked.  The  condition  is  also 
common  as  a  temporary  sequel  to  all  varieties  of  acute  infection,  and 
the  same  type  of  abnormality  in  pressure  and  pulse  rate  reactions  is 
found.  I  believe  that  the  same  cause  is  at  work  in  these  three  groups 
of  cases.  But  we  have  no  satisfactory  term  to  describe  the  condition. 
Irritable  heart  is  unsuitable  because  the  heart  itself  is  not  at  fault. 
Effort  syndrome  is  not  entirely  satisfactory  because  muscular  effort  is 
not  essential  for  the  production  of  the  symptoms.  Neurocirculatory 
asthenia  does  not  quite  fit  because  weakness  is  no  necessary  part  of 
the  picture.  The  term  neurocapillary  stasis  is  suggested  because  it 
calls  attention  to  the  mechanism  which  causes  the  syndrome. 

Cardiac  Disability. — The  records  in  cases  of  compensated  valvular 
defects  show  no  abnormality  apart  from  the  well  known  effects  of 
aortic  insufficiency  on  the  diastolic  pressure.  In  definitely  decom- 
pensated cases  the  test  is  inapplicable.  But  in  a  few  patients  who 
showed  evidence  of  an  early  stage  of  decompensation  interesting 
records  have  been  obtained.  In  Table  10  and  Fig.  9  are  given  the 
pressure  and  pulse  rate  of  a  man,  age  44,  with  chronic  diffuse  nephritis 
and  a  moderate  degree  of  impairment  of  renal  function  who  was 
beginning  to  complain  of  dyspnea  on  exertion  and  occasionally  a 
little  edema  around  the  ankles.  The  heart  was  enlarged  but  no  evidence 
of  dilation  was  found. 

The  striking  point  about  this  record  is  its  uniformity,  which  results 
from  the  absence  of  any  appreciable  change  in  pressure  and  pulse 
rate  after  exercise.  This  was  not  due  to  an  insufficient  amount  of 
exercise.  The  number  of  hops  had  to  be  restricted  because  of  the 
patient's  dyspnea.  It  suggests,  rather,  the  forced  uniformity  which 
would  result  if  the  heart,  before  the  exercise,  were  already  doing  all 
it  could.  It  resembles  the  phenomenon  seen  in  renal  decompensation 
where  a  constant  rate  of  excretion  is  maintained  under  conditions 
which  induce  great  variation  in  normal  persons. 

SUMMARY 

SECTION     I 

1.  Blood  pressure  and  pulse  rate  curves  showing  the  effect  of 
exercise  and  of  change  of  position  were  obtained  from  300  normal 
persons. 

2.  It  was  found  that  the  degree  of  change  in  pressure  and  pulse 
rate  produced  by  exercise  and  change  of  position  is  in  part  dependent 
on  the  level  of  pressure  and  pulse  rate  existing  before  the  exercise 
or  change  of  position.  This  fact  must  be  taken  into  account  in  comput- 
ing standards  of  normality.  A  separate  standard  for  each  initial 
level  must  be  established. 
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3.  Averages  and  standard  deviations  for  pressure  and  pulse  rate 
reactions  to  exercise  and  change  of  position  are  given  for  a  series  of 
initial  levels. 

SECTION    II 

1.  Blood  pressure  and  pulse  rate  obser^-ations  on  normal  persons 
before  and  after  progressively  increasing  amounts  of  muscular  work 
were  charted  as  curves  and  examined  with  a  view  to  finding  whether 
it  was  possible  to  derive  from  them  any  indication  of  the  regular 
increase  in  the  volume  of  blood  flow  which  is  known  to  occur  after 
each  increase  in  muscular  exertion.  It  was  found  that  the  systolic 
and  diastolic  pressure  curve  showed  no  constant  relation  to  the  work, 
and  that  the  degree  of  increase  in  the  curves  of  pulse  pressure  and  pulse 
rate  varied  not  only  with  the  work  but  also  with  the  position  of  the  body. 
The  only  curves  which  under  all  conditions  corresponded  to  changes 
in  volume  flow  of  blood  were  the  curves  derived  from  the  P.P.  X  P.R. 
product. 

2.  When  normal  persons  were  tired  by  muscular  work,  and  were 
required  to  change  from  the  recumbent  to  the  erect  position,  there 
was  an  immediate,  though  transient,  decrease  in  the  P.P.  X  P.R. 
product  curv'e.  The  correspondence  between  changes  in  volume  flow 
of  blood  and  changes  in  the  magnitude  of  the  product,  the  nature  of 
the  pressure  changes  which  gave  rise  to  the  decrease  in  the  product, 
and  recent  evidence  as  to  the  contractility  and  innervation  of  the 
capillaries,  are  taken  as  a  basis  for  the  hypothesis  that  the  product 
changes  indicate  a  failure  of  the  circulation  to  meet  the  efl:'ect  of  the 
force  of  gravity.  The  circulatory  failure  is  secondary  to  a  failure  of 
the  central  nervous  system  to  produce  with  sufficient  promptitude  the 
increased  tone  of  the  capillaries  and  venules  which  is  necessary  in  Ij 
order  to  prevent  an  accumulation  of  blood  in  the  tissues  when  the 
erect  position  is  assumed. 

SECTION    III 

1.  The  type  of  abnormality  in  pressure  and  pulse  rate  reactions  and 
the  signs  and  symptoms  found  in  patients  suffering  from  the  irritable 
heart  syndrome  support  the  hypothesis  that  the  cause  of  the  condition 
is  a  failure  of  nervous  control  over  the  capillaries. 

2.  It  is  suggested  that  when  weakness  of  the  heart  is  the  primar}^ 
cause  of  circulatory  failure  the  pressure  and  pulse  rate  curves  show 
an  unusual  degree  of  uniformity  in  level  before  and  after  exercise. 
This  uniformity  results  from  an  absence  of  the  increase  in  pulse  pres- 
sure and  pulse  rate  after  exercise  which  is  one  of  the  manifestations 
of  that  increase  in  volume  flow  of  blood  with  which  the  normal  heart 
meets  the  requirements  of  muscular  exertion. 
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INTERPRETATIONS   OF   THE   INITIAL   PHASES   OF  THE 
ELECTROCARDIOGRAM    WITH    SPECIAL    REFER- 
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The  subject  chosen  for  this  lecture  is  one  on  which  much  has  been 
written  in  recent  years,  but  upon  which  there  is  still  no  complete  con- 
sensus of  opinion.  In  a  review  ^  written  about  three  years  ago  I 
attempted  to  explain  the  constitution  of  the  electrocardiogram  on  a 
new  basis  and  put  forward  views  of  a  novel  kind.  These  views  have 
been  accepted  by  a  number  of  workers ;  from  other  workers  they  have 
received  criticism,  publicly  or  privately  expressed.  The  lack  of  uniform 
conclusions,  I  think,  results  largely  from  misunderstandings,  such  mis- 
understandings as  may  be  expected  to  arise  when  the  subject  discussed 
is  not  only  intricate  but  concerned  with  the  ultimate  processes  of 
cellular  activity  and  its  manifestations.  In  studying  the  electrocardiogram 
w^e  attempt  to  explain  its  general  deflections  in  rational  terms,  yet  the 
terms  which  we  are  forced  to  employ  are  terms  which  refer  to  intimate 
and  intangible  effects  of  cellular  physics  and  chemistry.  Although,  as 
may  be  acknowledged  at  once,  I  have  experienced  recurring  difficulty  in 
my  attempts  clearly  to  conceive  the  manner  in  which  the  electrical 
events  are  related  to  events  in  the  muscle ;  yet  the  conception  at  which 
I  arrived  some  few  years  ago  and  which  is  now  reconsidered  in  the 
light  of  recent  discussion  and  observation  has  not  altered  fundamentally, 
though  it  may,  perhaps,  have  grown  a  little  clearer  during  the  interval. 
In  attempting  a  more  distinct  statement  of  the  case  it  seems  desirable  to 
state  that  while  I  refuse  to  stand  committed,  once  and  for  all,  to  these 
views,  yet  our  present  knowledge  does  seem  to  necessitate  movement 
from  the  older  hypotheses  in  some  such  direction  as  will  be  indicated. 

In  discussing  the  question  before  us  one  rule  stands  out  as  paramount 
in  importance ;  the  facts  and  the  hypotheses  must  be  divided  from  each 
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other  as  scrupulously  as  possible.  Hypothesis  cannot  be  avoided,  per- 
haps never  will  be  avoided,  in  a  full  consideration  of  our  problem,  and 
it  would  be  presumptuous  if  my  views  were  brought  before  you  as 
views  approaching  to  a  final  solution.  Nevertheless,  by  carefully  weigh- 
ing our  present  knowledge,  certain  final  statements  may  be  made,  certain 
statements  may  be  denied,  and  we  can  bring  our  conceptions  a  step 
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Fig.    1. — Diagrams,    illustrating   the   potential    differences    in    simple   muscle 
strips,  activated  at  one  end. 

nearer  clarity  and  truth.  Of  one  thing  I  feel  sure,  namely,  that  a  close 
consideration  of  the  views  expressed,  and  further  observations  tending 
either  to  support  or  to  destroy  them,  will  prove  fruitful. 

In  considering  the  meaning  of  the  electrocardiogram,  we  have  all 
started  from  a  common  basis.  By  common  consent,  if  you  place  two 
leading-ofif  electrodes  directly  on  the  two  ends  of  a  narrow  strip  of 
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uninjured  muscle  (Fig.  1  A)  and  now  stimulate  the  muscle  to  contract 
in  the  region  of  one  contact,  the  galvanometer  shows  the  development 
of  a  difference  in  potential  between  the  two  contacts,  that  which  lies 
at  the  point  stimulated  (Z)  becoming  negative  relative  to  its  fellow  (C). 
The  galvanometer  shows  us  that  an  electromotive  force  is  developed 
between  these  two  points ;  current  flows  from  one  to  the  other  through 
the  muscle  and  through  the  galvanometer.  This  experiment,  easily 
performed,  has  been  carried  otit  by  very  numerous  observers  with 
uniform  results;  the  same  event  is  witnessed  whether  voluntary  or 
cardiac  muscle  is  used,  but  it  is  the  last  only  which  I  shall  ask  you  to 
hold  in  mind  during  this  lecture,  for  it  is  on  cardiac  muscle  alone  that  1 
feel  competent  to  speak,  and  in  respect  of  which  alone  I  shall  draw  my 
conclusions.  It  is  on  this  experiment  that  the  conclusion,  which  we 
have  all  accepted,  is  based,  namely,  that  cardiac  muscle  entering  the 
active  state  shows  relative  negativity  to  muscle  which  is  inactive.  But 
although  this  observation  is  easy  to  confirm,  and  although  the  con- 
clusion derived  from  it  does  not  seem  open  to  question,  I  believe  that  it 
often  gives  rise  to  misconception  when  the  meaning  of  the  electro- 
cardiogram is  considered  in  the  light  of  it. 

The  way  in  which  the  chief  misconceptions  arise  I  will  endeavor 
to  explain  ultimately.  Meanwhile,  it  should  be  remarked  that  in  the 
simple  experiment  described  the  electrodes  are  placed  against  very  small 
areas  of  the  muscle  strip;  this  method  of  leading  chiefly  signals  the 
events  which  occur  at  the  ends  of  the  muscle,  rather  than  the  events  in 
its  whole  length.  Further,  it  is  to  be  noted  that  when  a  difference  of 
potential  arises  between  the  two  ends  as  a  result  of  activity  of  one  end, 
the  current  How  is  necessarily  confined  to  the  line  of  the  muscle ;  for 
the  muscle  is  isolated.  The  line  of  the  muscle  represents  the  line  of 
the  electrical  axis,  or  the  line  of  maximal  potential  difference. 

Let  us  now  take  a  second  example  (Fig.  IB),  one  which,  in  the 
simple  form  illustrated,  is  theoretical,  but  one  which  would  be  more 
comparable  to  the  experiment  of  electrocardiography.  Imagine  a  strip 
of  cardiac  muscle  completely  embedded  in  a  moist  conducting  stib- 
stance,  and  that  otir  contacts  are  placed,  not  immediately  on  the  ends 
of  the  strip,  btit  on  the  substance  in  which  the  muscle  lies  embedded. 
So  they  lie  in  human  electrocardiography.  If  now  the  muscle  end  1 
becomes  active,  the  galvanometer  will  again  record  current  flow.  The 
muscle  end  1  we  know  becomes  relatively  negative  to  the  muscle  end  3 ; 
the  contacts  Z  and  C  will  no  doubt  reflect  this  change.  If  you  wish 
to  do  so  you  may  regard  the  contacts  as  prolonged  through  the  medium 
in  which  the  muscle  is  embedded,  to  the  nearest  points  of  the  muscle, 
i.  c,  to  the  original  ends  1  and  3.  There  is  this  contact,  but  it  is  not 
the  sole  contact,  for  our  electrodes  are  now  connected,  not  only  to 
the   ends   of   the  muscle,   but   to   its   whole   surface.      This  difference 
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between  the  two  methods  of  leading  oft  should  not  influence  the  direction 
of  the  first  potential  difference  exhibited  by  contact  C  and  Z,  when,  as 
in  our  illustration,  we  are  dealing  with  a  straight  and  narrow  strip  of 
muscle  lying  in  one  line  between  the  contacts ;  but  as  we  shall  see,  it 
becomes  of  consequence  when  the  relation  of  muscle  to  contacts  is 
altered.  A  second  difTerence  between  the  two  methods  of  leading  off  is 
also  to  be  noted.  When,  in  the  last  experiment,  the  muscle  is  embedded 
in  a  conducting  substance,  the  current  flows  not  only  through  the  muscle 
and  galvanometer ;  it  flows  through  the  surrounding  medium.  In  other 
words,  we  have  introduced  a  series  of  shunts  along  the  borders  of  the 
muscle  and  these  decrease  the  amount  of  current  flowing  through  the 
galvanometer.  While  we  may  expect  the  movement  of  the  galvano- 
metric  recorder  to  maintain  its  original  direction  (contact  Z  showing 
relative  negativity  to  contact  C).  we  may  not  expect  its  movement  to  be 
so  considerable. 

I  emphasize  the  fact  that  the  comparison  made  is  between  an  actual 
experiment  (Fig.  1  A)  and  a  theoretical  experiment  (Fig.  1  B).  The 
actual  events  in  the  second  experiment  (Fig.  IB)  have,  I  think,  not  been 
recorded,  though  there  is  sufficient  evidence  based  on  observation  of  a 
less  direct  kind  to  convince  us  that  the  curves  obtained  in  the  first  and 
second  experiment  will  have  the  same  general  form  in  their  initial  phase. 
That  there  will  be  this  smilarity  is,  I  think,  generally  recognized ;  it  is 
not  a  matter  in  dispute.  But  this  conception  is  apt  to  lead  up  to  a 
second,  namely,  that  curves  taken  by  the  two  methods  are  built  up  in 
identical  fashions ;  and  that  the  two  methods  of  leading  will  in  all 
circumstances  yield  similar  results.  They  may  do  so  when  a  simple  and 
narrow  strip  of  muscle  is  placed  in  line  with  the  leading  off  contacts; 
but  they  do  not.  I  believe,  in  all  circumstances.  Suppose  that  the 
unenibedded  muscle  is  bent  on  itself  at  one  end  and  that  the  contacts  are 
placed  at  2  and  3  (Fig.  1  C).  Again,  there  will  be  agreement  as  to  the 
effect  produced.  Soon  after  1  is  stimulated,  a  current  will  flow  through 
the  galvanometer  in  the  original  direction,  indicating  that  contact  Z 
has  become  relatively  negative  to  C.  This  change  is  set  up  when  the 
muscle  on  which  contact  Z  lies  becomes  active.  It  is  not  produced  by 
activity  of  the  muscle  strip  between  1  and  2;  activity  in  this  portion  of 
the  muscle  has  no  material  effect  since  the  free  end  1  is  not  connected 
to  the  leading  off  contact  C.  This  illustration  serves  to  emphasize 
the  fact  that  when  contacts  are  placed  directly  on  the  muscle,  that  it  is 
an  event  occurring  in  the  muscle  immediately  under  the  proximal  con- 
tact which  is  responsible  for  the  first  swing  of  the  recording  instrument. 

We  come  next  to  the  fourth  and  crucial  example,  the  muscle  bent  on 
itself  and  embedded  (Fig.  ID).  In  these  circumstances  how  will  the 
current  first  flow?     I  have  asked  this  question  of  many  physiologists 
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during  the  past  six  years,  and  have  obtained  almost  always  the  reply 
that  the  direction  of  current  flow  will  be  the  same  as  in  the  last  example. 
It  is  said  that  1  will  become  negative  relative  to  3,  and  that  conse- 
quently Z  will  show  negativity  relative  to  C.  Now,  this  reply  is  an 
assumption  ultimately  based  on  the  belief  that  the  two  methods  of  lead- 
ing off  are  sufficiently  similar ;  actually  the  experiment  has  not  been 
performed  in  this  simple  form.  For  a  long  while  I  have  felt  unable  to 
accept  this  view  of  what  will  happen.  The  view  is  inconsistent  with 
certain  experiments  which  will  be  described  presently.  The  view  which 
I  put  forward  is  that  relative  negativity  will  first  develop  at  contact  C : 
and  it  will  develop  at  C  because,  when  1  becomes  active,  we  are  leading 
oft'  from  the  embedded  strip  of  muscle  1  to  2,  and  the  remainder  of  the 
strip  2  to  3  does  not  for  the  moment  concern  us.  It  does  concern  us 
of  course  when  the  excitation  wave  in  traveling  along  the  strip  moves 
into  the  region  between  2  and  3 ;  when  the  wave  in  traveling  has  turned 
the  corner,  Z  will  become  relative  to  C,  the  flow  of  current  becoming 
in  consequence  reversed.  But  for  the  moment  we  shall  do  well  to 
concentrate  attention  on  the  first  phase  of  the  reaction,  for  this  is  in 
dispute. 

The  statement  just  made  in  respect  of  the  first  phase,  brings  us 
I  think  to  the  critical  arguments  of  the  discussion,  namely,  does  the 
prolongation  of  the  strip  from  2  to  3  eft'ect  the  reaction  shown  by  the 
galvanometer  when  1  becomes  active.  The  usual  view  has  been  that  it 
will.     My  own  view  is  that  it  does  not. 

You  may  ask,  why  the  actual  experiment  is  not  performed?  The 
reply  is  that  it  cannot  be  carried  out  in  so  simple  a  fashion  on  cardiac 
muscle  which  is  uninjured,  and  that  if  you  use  injured  muscle,  your 
experiment  is  open,  on  theoretic  grounds,  to  serious  criticism.  But,  as 
I  hope  later  to  show,  the  experiment  can  be  performed  under  somewhat 
more  complex  conditions,  and  that  it  yields  the  results  which  I  anticipate. 

The  argument  turns  as  stated  on  the  influence  or  noninfluence  of  the 
portion  of  muscle  2  to  3,  on  the  initial  electrical  reaction.  According  to 
one  view,  that  which  seems  so  far  to  have  obtained  the  greater  number 
of  direct  or  indirect  supporters,  you  are  to  consider  1  as  relatively 
negative,  and  to  consider  the  whole  of  the  remainder  of  the  muscle 
as  relatively  positive.  This  view  implies  that  in  determining  the  direc- 
tion of  flow,  you  are  to  join  the  center  of  the  active  mass  of  muscle  to 
the  center  of  the  inactive  mass.  According  to  the  other  view,  you  are 
to  consider  the  part  of  the  muscle  which  is  becoming  active  as  relatively 
negative,  and  the  inactive  muscle  in  union  with  it  and  in  its  immediate 
vicinity  as  relatively  positive.  I  put  forward  this  second  view  because 
it  is  consistent  with  and  explains  my  experiments  and  because  so  far  as 
I  am  aware  it  is  inconsistent  with  no  other  experimental  facts ;  the 
first  view,  though  it  is  admittedlv  consistent  with  manv  experiments,  is 
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not  consistent  with  all.  For  the  sake  of  brevity  we  may  term  the  first 
hypothesis  that  of  "distributed  potential  differences,"  the  second  that  of 
"limited  potential  differences." 

At  this  point  it  may,  perhaps,  be  appropriate  to  allude  to  my  previous 
review.  You  will  perceive  that,  if  the  hypothesis  of  limited  potential 
differences  is  correct,  the  direction  in  which  the  current  sets  in  the 
muscle  will  be  the  direction  in  which  the  excitation  wave  is  at  that 
moment  traveling,  for  it  will  always  move  from  the  point  which  is 
becoming  active  to  inactive  muscle  in  the  immediate  vicinity  of  the 
latter.  This  association,  which  I  believe  to  be  an  absolutely  constant 
one,-  is  one  on  which  I  have  laid  stress;  in  doing  so  I  have  tended  to 
imply  that  the  first  is  dependent  on  the  second.  Such  has  not  been  my 
meaning  though  it  has  been  inferred  from  what  has  been,  perhaps,  an 
unfortunate  phraseolog}^  and  this  inference  is  perhaps  chiefly  respon- 
sible for  misconception  of  my  hypothesis.  To  state  that  the  direction 
which  the  excitation  wave  takes  in  traveling  governs  the  form  of  the 
corresponding  curve,"  cannot  be  considered  fundamentally  sound. 

A  m.ore  correct  expression  would  be  that  both  are  governed  by  one 
series  of  events  in  the  muscle,  and  in  consequence  are  definitely  asso- 
ciated. It  has  been  a  matter  of  descriptive  convenience  to  associate  these 
two  phenomena,  direction  of  movement  and  direction  of  current  flow. 
But  because  the  meaning  may  be  inferred  that  one  is  responsible  for 
the  other,  I  shall  endeavor  to  avoid  this  method  of  description  in  my 
subsequent  remarks. 

Returning  to  the  question  at  issue,  namely,  the  influence  of  outlying 
muscle  on  the  electrical  reaction,  let  us  consider  the  case  of  two  entirely 
separate  masses  of  muscle  (Fig.  IE).  Under  this  arrangement,  if  1 
becomes  active,  the  contacts  at  C  will  become  negative  to  the  contact  Z. 
Here  no  one  argues  that  the  presence  of  the  inactive  muscle  strip  2  to 
3  will  influence  the  result,  it  becomes  part  of  the  moist  substance  in 
which  the  strip  1  and  2  is  embedded.  To  illustrate  this  statement,  take 
the  example  of  complete  heart  block.  When  the  auriculoventricular 
bundle  is  divided  experimentally  or  by  disease,  the  electrocardiogram 
records  the  independent  activities  of  auricle  and  ventricle.  Each  cham- 
ber gives  its  separate  curve,  but  the  curves  of  one  and  the  other  fall  in 


2.  I  would  here  express  the  view  that,  unless  the  conditions  are  very  simple, 
the  direction  in  which  the  current  is  setting  in  a  muscle  strip  as  a  whole  is  not 
to  be  ascertained  with  certaint}-  from  an  examination  of  two  small  points  of 
contact  on  its  surface  (as  in  Fig.  lA)  ;  but  in  my  view  it  can  be  ascertained  by 
the  method  of  leading  which  Fig.  IB  illustrates.  When  I  say  that  the  asso- 
ciation between  the  set  of  current  and  direction  of  travel  is  constant,  I  wish 
to  refer  to  direction  of  current  as  ascertained  by  the  method  of  indirect  leading 
(method  of  Fig.  IB)  and  by  this  method  only. 

3.  The  phrase  actually  used  in  'The  Mechanism  and  Graphic  Registration 
of  the  Heart  Beat."  London.  1920. 
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varying  relationship  to  each  other.  It  is  quite  clear  from  such  records 
that  activity  or  inactivity,  partial  or  complete,  in  one  chamber  has  no 
influence  on  the  shape  or  amplitudes  of  the  electrical  currents  derived 
from  the  other  (Fig.  2).  Providing  that  we  are  dealing  with  separate 
masses  of  heart  muscle,  the  electromotive  forces  set  up  in  one  chamber 
are  not  influenced  by  those  set  up  in  the. other.  The  forces  developed 
in  the  two  chambers  find  full  and  individual  expression ;  in  explaining 
such  curves  we  do  not  balance  activity  in  one  chamber  against  inactivity 
in  the  other. 

In  regard,  therefore,  to  the  illustration  (Fig.  IE)  we  are  safe  in 
assuming  that  the  activation  of  strip  1  to  2  at  point  1  will  yield  an 
electromotive  force  having  a  certain  direction  and  amplitude,  indepen- 
dently of  what  is  happening  in  the  strip  2  to  3.  How  does  this  arrange- 
ment of  the  muscle  fibers  dififer  from  that  illustrated  by  Figure  ID. 


Fig.  2.  Electrocardiograms   from  a  case  of  complete  heart  lilock,  and  taken 
by  means  of  Leads  I,   II  and  III. 


In  one  respect  only ;  in  the  first  illustration  there  is  functional  union 
between  the  two  strips  at  the  point  2.  If  1  is  stimulated,  to  activity  in 
these  two  sets  of  circumstances,  will  the  initial  resultant  swings  of  the 
galvanometer  be  in  opposite  directions ;  will  they  indicate  relative  nega- 
tivity at  Z  in  one  case  and  at  C  in  the  other  ?  According  to  the  hypothe- 
sis of  distributed  potentials  this  will  happen.  But  in  both  instances, 
when  1  becomes  active,  the  strip  2  to  3  is  recognized  to  be  in  a  state 
of  inactivity.  The  distribution  of  potentials  is  the  same  in  both, 
unless  we  are  to  assume  that  when  the  two  strips  are  part  of  one  undi- 
vided piece  of  muscle,  an  active  change  happens  in  strip  2  to  3,  render- 
ing it  relatively  more  positive  to  1.  In  other  words,  if  we  are  to  accept 
the  hypothesis  of  distributed  potentials,  it  is  essential  to  assume  that, 
from  its  initiation,  active  change  produced  by  stimulation  does  not 
confine  itself  to  that  end  of  the  muscle  which  is  stimulated.    I  know  of 
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Fig.  3  A  and  B. — When  the  heart  is  stimulated  at  its  epicardial  surface  (Fig. 
3B),  contacts  placed  in  line  with  the  point  stimulated  show  first  of  all  an  elec- 
trical relation  which  is  indicated  by  the  large  +  and  —  signs.  This  reaction  of  the 
contacts  is  explained  alternatively  b\^  the  hypotheses  of  distributed  and  limited 
potential  differences  (see  small  -j-  and  —  signs  of  the  diagram).  In  this  example 
the  distribution  of  potentials  in  the  muscle  and  under  the  contacts  is  consistent, 
irrespective  of  the  hypothesis  chosen.  A.  C  and  D  :  The  heart  is  stimulated  at 
its  endocardial  surface  and  the  potential  difference  recorded  by  the  contacts 
is  at  first  in  one  direction  (phase  1)  and  later  becomes  reversed  (phase  2). 
The  supposed  potential  differences  in  the  muscle,  during  the  second  phase,  are 
consistent  with  what  is  found  at  the  contact  points,  irrespective  of  the  hypothesis 
adopted;  but  this  is  not  so  for  the  first  phase;  in  this  the  hypothesis  of  limited 
potential  differences   is  alone  consistent   with   observation. 
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no  evidence  in  favor  of  such  a  diffused  eft'ect ;  on  the  contrary,  the 
argument  based  on  the  fact  that  in  one  instance  we  are  deahng  with  a 
single  piece  of  muscle  and  in  the  other  case  with  separate  pieces  of 
muscle,  though  plausible,  can  be  shown  to  be  unsound.  The  experiment 
of  the  bent  piece  of  nniscle  can  be  performed  on  uninjured  heart  muscle. 
It  is  accomplished  as  follows  :  Leading  off  contacts  are  placed  on  a  dog's 
chest  wall  (Fig.  3A),  the  one  on  the  right  side,  the  other  on  the  left, 
and  the  right  ventricle  is  stimulated  first  on  its  epicardial  surface  at  2, 
and  secondly  on  its  endocardial  surface  at  1.  the  points  stimulated 
being  in  the  same  line  as  the  leading  off  contacts.  It  will  be  obvious 
that,  when  we  stimulate  at  2,  the  excitation  wave  will  move  in  a  general 
direction  in  the  body  from  right  to  left  across  the  heart  (from  2  toward 
3).  It  will  be  equally  obvious  that  if  we  stimulate  at  1  the  excitation 
will  at  first  move  in  a  general  direction  from  1  toward  2,  and  that  a 
little  later  the  general  course  from  2  toward  3  will  be  Dursued.     In  the 
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Fig.  4.  An  example  of  the  findings  of  four  distinct  experiments.  The  lead 
was  from  the  right  chest  wall  (Z  contact)  to  the  left  chest  wall  (C  contact)  and 
the  wall  of  the  right  ventricle  was  stimulated  on  its  epicardial  sv:rface  (right 
hand  record),  and  on  its  endocardial  surface  (left  hand  record).  In  the  last 
case  a  small  pair  of  long  insulated  electrodes  was  introduced  through  a  small 
slit  in  the  wall  of  the  conus  or  through  the  jugular  vein.  The  two  points  of 
stimulation  (inside  and  outside)  lay  no  more  than  0.5  cm.  from  each  other. 
The  curves  differ  in  one  respect,  the  left  hand  curve  begins  with  an  initial 
phase  i  directed  downward,  in  the  right  hand  curve  this  phase  is  directed 
upward.  These  initial  phases  of  the  curves  correspond  to  involvement  of  the 
wall  at  the  point  stimulated  (the  involvement  being  in  opposite  directions  in 
the  two  circumstances).  The  main  deflection  m  is  similar  in  both  curves;  it 
represents  spread  from  right  to  left  in  the  ventricles  as  a  whole.  Curves  of 
this  kind  are  obtained  most  successfully  if  the  lungs  are  well  inflated  so  that 
good  contact  is  maintained  between  the  sides  of  the  heart  and  the  chest  w^all. 
The  curves  represent  responses  to  rhythmic  break  shocks  (single  shocks  give 
similar  effects).  The  stimulus  is  recorded  electrically  in  the  top  line.  The  curves 
are  not  distorted  by  the  stimuli,  as  the  time  relations  of  stimulus  and  shock 
show ;  reversal  of  the  direction  in  which  the  stimulus  entered  the  heart  did  not 
affect  the  form  of  the  curves. 
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first  case  the  general  direction  in  the  body  will  be  from  right  to  left 
throughout  the  whole  excitation  of  the  ventricle;  in  the  second  case, 
it  will  be  for  a  brief  period  from  left  to  right,  and  eventually  from 
right  to  left.  The  experiment  afifords  the  general  condition  illustrated  by 
the  straight  and  bent  muscle  strips  of  Figure  IB  and  D.  The  result 
of  this  experiment  is  instructive.  Stimulate  the  epicardial  surface  and, 
from  the  first,  contact  Z  is  negative  to  contact  C.  This  finding  is  con- 
sistent with  both  hypotheses,  the  potentials  being  distributed  as  shown 
in  Figure  3  B  and  in  Figure  4.  Stimulate  the  endocardial  surface 
(Fig.  3  C  and  D)  and  the  curve  has  two  opposite  phases,  a  short  first 
phase  during  which  contact  C  is  negative  to  contact  Z,  and  a  longer  sec- 
ond phase  during  which  contact  Z  is  negative  to  contact  C  (Fig.  4). 
This  finding  is  consistent  with  one  of  our  hypothesis  only,  namely, 
that  of  limited  potential  differences.  The  association  between  the  set 
of  the  current  and  the  direction  in  which  the  excitation  wave  moves 
will  be  noted  in  this  illustration.  It  constitutes  a  single  and  new  illustra- 
tion of  an  association  which  I  believe  to  be  firmly  established  and  of 
which  numei ous  examples  ha\e  already  been  published.'^  It  was  because 
I  found  this  association  constantly  to  exist  in  the  normal  heart  beat  of 
amphibians,  reptiles,  birds  and  mammalia,  classes  in  which  the  spread 
of  the  excitation  wave  is  very  diverse,  that  I  first  recognized  the 
hypothesis  of  distributed  potentials  to  be  untenable,  for  it  is  incon- 
sistent with  this  association,  as  the  diagrams  clearlv  show  (Figs.  3 
CandD). 

It  may  suffice  at  the  present  time  if  a  few  of  the  simpler  illustrations 
are  cited.  The  first  of  these  permits  the  display  of  some  important 
fallacies.  It  is  the  instance  of  the  normal  amphibian  heart  beat.  The 
amphibian  heart  (Fig.  5)  comprises  not  only  sinus,  auricle  and  ventricle, 
but  also  a  bulbus  arteriosus.  It  is  on  hearts  of  this  or  of  a  closely  allied 
type,  that  almost  the  whole  of  the  preliminary  explanations  of  the 
electrocardiogram  have  been  based ;  and  it  is  with  the  mistaken  inter- 
pretation of  these  cur\'es,  and  the  hypotheses  derived  from  them,  that 
we  have  today  chiefly  to  contend.  In  this  early  work  the  heart  was 
examined  by  placing  on  the  base  and  apex  of  the  ventricle  two  contacts 
and  connecting  them  to  a  galvanometer.  Because  in  such  curves  as  were 
regarded  to  be  typical,  the  first  deflection  indicated  relative  negativity  of 
the  base,  it  was  concluded  that  the  base  first  becomes  active ;  it  was 
further  concluded  that  the  excitation  wave  spreads  as  a  simple  wave 
from  base  to  apex.     Now,  further  and  closer  observation  by  modern 


4.  In  stimulating  the  epicardial  surface  the  curve  is  not  usually  expressed 
as  a  single  phase.  It  rises  a  little,  hangs  or  falls  awaj'  as  the  endocardial  lining 
is  approached,  and  then  rises  steeply  to  yield  the  chief  deflection  which  repre- 
sents rapid  involvement  of  a  large  mass   of  the  ventricular  substance. 

5.  Phil.  Tr.  Roy,  Soc,  B.  207:221,  1916. 
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methods  has  sliown  that  the  first  of  these  conclusions  is  usually  incor- 
rect, and  that  the  last  conclusion  is  never  true.  These  early  observations 
on  the  cold-blooded  heart  and  the  conclusions  derived  from  them  are 
open  to  serious  criticism.  The  direction  of  the  hrst  deflection  does  not, 
in  point  of  fact,  always  indicate  primary  negativity  of  the  base.  The 
direction  depends  largely  in  a  gi\en  animal  on  the  point  chosen  at  the 
base  for  examination  ;  there  is  also  much  variation  from  animal  to  ani- 
mal. Later  observations  have  shown  that  sometimes  a  basal  point  is 
active  before  the  apex ;  sometimes  it  becomes  active  after  the  apex 
(Fig.  5 )  ;  sometimes  certain  points  at  the  base  are  activated  before,  and 
certain  points  after,  the  apex.  In  all  cases  the  base  and  apex  are  acti- 
vated within  a  very  short  time  interval  of  each  other.  The  excitation 
first  reaches  the  surface  of  the  lieart  at  neither  base  nor  apex,  it  reaches 


Fig.  5.- — Outline  diagrams  of  the  hearts  of  Bnfo  z'ulgaris  major,  showing 
a  number  of  surface  readings  expressed  (in  decimal  points  of  a  second) 
to  the  beginning  of  R  in  an  axial  lead.  Toad  A,  an  unpublished  figure, 
showing  that  the  base  is  activated  earlier  than  the  apex.  Toad  E  (after  the 
original  figure)  showing  that  the  apex  is  activated  earlier  than  the  base.  In 
both  cases  the  central  region  of  the  ventral  surface  is  activated  earliest  of  all. 
In  the  axial  electrocardiogram  of  each  animal  the  chief  deflection  was  an 
upright  R:  in  the  case  of  toad  E,  the  electrocardiogram  also  showed  a  prominent 
S  wave. 


the  central  portions  of  the  ventricle  (Figs.  5  and  6  A)  and  races 
simultaneously  up  to  the  base  and  down  to  the  apex ;  the  race  may  be 
won  in  one  other  direction  ;  usually  it  is  won  at  the  apex.  It  is  easy  to 
understand  why  these  base-apex  curves  of  early  days  often  seemed  to 
indicate  primar\'  negativity  of  the  base.  The  extreme  base  does  become 
active  a  little  before  the  apex  in  some  aiuphibian  hearts,  though  that 
is  not  the  rule.  If  the  extreme  apex  is  chosen  for  one  contact,  and  a 
point  somewhat  removed  from  the  base  is  chosen  for  the  second,  and 
this  would  be  the  natural  tendency  "  of  experiment,  primary  negativity 


6.  The  tendency  being  to  allow  an  interval  of  lesser  or  greater  extent  between 
the  contact  and  the  A-J'  junction. 
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of  the  base  would  usually  be  manifested;  for  the  reason  that  a  point 
a  little  removed  from  the  base  is  usually  activated  earlier  than  a  point 
at  the  extreme  apex.  The  precise  time  relations  of  basal  and  apical 
activity  being  unknown  beforehand,  this  observation  would  naturally 
be  construed  as  indicating  that  the  excitation  wave  starts  at  the  base. 
From  this  conclusion,  false  as  it  was,  it  was  an  easy  step  to  the  still  very 
prevalent  general  erroneous  assumption  that  when,  as  is  the  rule,  the 
basal  contact  of  an  indirect  lead  (method  of  Fig.  1  B)  first  demon- 
strates negativity,  activity  is  confined  to  muscle  which  lies  nearer  to 
this  basal  contact  than  to  the  apical  one.  Thus,  in  human  electro- 
cardiography it  has  frequently  been  assumed  that  R,  the  chief  deflection, 
is  essentially  a  basal  eiTect  and  that  5  is  essentially  an  apical  effect ;  for 
R  represents  relative  negativity  of  the  basal  and  5"  of  the  apical  contact. 
Neither  conclusion  is  justified. 

These  assumptions,  erroneous  as  I  believe  them  to  be,  arise  chiefly 
from  the  idea  that  if  muscle  at  the  base  is  active,  the  basal  contact  will 
show  relative  negativity  and,  conversely,  that  if  the  apex  is  active,  the 
apical  contact  will  show  relative  negativity.  These  are  views  based  on 
the  hypothesis  of  distributed  potentials.  A  primary  basal  activity  may 
displav  itself  in  relative  negativity  of  the  apical  contact  as  the  experi- 
ment illustrated  in  Figure  3A  clearly  indicates.  The  erroneous  assump- 
tions also  arise,  in  part,  because  the  base-apex  curve  of  the  amphibian, 
where  contacts  are  laid  directly  on  the  heart,  has  been  assumed  too 
rigidly  to  be  comparable  with  the  curves  from  outlying  contacts  such 
as  are  used  in  clinical  electrocardiography.  The  difi^erence  between  the 
two  methods  is  that  in  the  first  the  curve  chiefly  expresses  the  potential 
differences  between  two  small  areas,  one  at  the  base  and  one  ct  the 
apex;  while  in  the  clinical  method  the  lead  (when  axial)  is  from  the 
whole  of  the  basal  and  the  whole  of  the  apical  parts  of  the  heart ;  the 
clinical  curves  express  the  electrical  changes  in  the  entire  mass  of 
cardiac  muscle ;  the  direct  leads  do  not.  The  two  methods  are  strictly 
speaking  incomparable  (compare  Figs.  IC  and  D  from  this  point  of 
view). 

The  axial  electrocardiogram  of  the  amphibian  heart  (Fig.  7),  in 
so  far  as  it  expresses  spread  of  the  excitation  wave,  consists  of  the 
following  deflections. 

1.  A  chief  and  primary  deflection  (R)  indicating  relative  negativity 
of  the  contact  beyond  the  base. 

2.  An  inconstant  second  deflection  (S)  indicating  relative  negativ- 
ity of  the  contact  beyond  the  apex. 

3.  A  deflection  (B),  occurring  at  a  late  phase  of  the  electro- 
cardiogram, corresponding  to  activation  of  the  bulbus  arteriosus,  and 
indicating  relative  negativity  of  the  apical  contact. 
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Let  us  deal  briefly  with  the  last  deflection  first.  This  bulbus  deflec- 
tion is  due  to  the  activity  of  muscle  lying  at  the  base  of  the  ventricle ; 
yet  its  direction  indicates  relative  negativity  of  the  apical  contact.  This 
observation  clearly  warns   us  against  lightly   concluding  that   relative 
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Fig.  6.— Course   of  excitation  wave   in  activation  of  ventricle. 

negativity  at  the  apical  contact  necessarily  means  activity  of  the  muscle 
Iving  nearer  to  the  base  than  the  apex  of  the  ventricle.  The  direction  of 
this  deflection  is  what  it  is,  because  the  excitation  wave  begins  m  the 
lower  part  of  the  bulbus  (i.  e.,  toward  the  apical  contact)  and  the  mac- 
tive  muscle  in  its  vicinitv  lies  above  it  (i.  e.,  toward  the  basal  contact). 
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The  position  of  the  bulbus.  relative  to  the  rest  of  the  ventricular  muscle 
with  which  it  is  in  functional  union  '  does  not  affect  the  direction  of  the 
deflection. 

Consider  now  the  initial  deflection  (R)  or  deflections  (R  and  S). 
The  meaning  of  R  according  to  my  hypothesis  is  not  obscure.  It  is 
due  to  set  of  the  current  in  the  axis  of  the  heart,  i.  c.  from  above  down- 
ward, over  the  greater  part  of  that  phase  of  the  cycle  during  which  the 
ventricle  is  becoming  activated.  The  ventricle  is  activated  in  the  gross 
from  above  downward.  The  excitation  wave  starts  in  the  muscular 
funnel  and  trabeculae  within  the  heart  (Fig.  6A)  and  is  at  first  prop- 
agated wholly  in  a  downward  direction.  Actually  the  greater  part 
or  entire  upstroke  of  R  is  written  before  the  excitation  wave  appears 
at  any  point  on  the.  surface  of  the  ventricle.  To  regard  R  as  an  evi- 
dence of  general  basal  activity  is  obviously  inconsistent  with  this  obser- 
vation ;  R  corresponds  to  the  activity  of  muscle  lying  deep  inside  the 


Fig.  7. — An  electrocardiogram  taken  from  a  toad's  heart ;  leading  from  the 
mouth  and  abdomen  in  the  axis  of  the  heart.  The  deflection  produced  by  activity 
of  the  bulbus  arteriosus  {B)  is  directed  downward. 


central  portions  of  the  heart.  The  hypothesis  of  limited  potential  differ- 
ences applied  to  the  amphibian  ventricles  provides  us  with  a  clear  con- 
ception of  the  electrical  events,  a  conception  which  is  consistent  with 
the  manner  in  which  the  excitation  wave  has  been  shown  to  spread. 
During  the  early  phases  of  i?'s  inscription  the  muscle  is  becoming  active 
in  the  central  trabeculae,  this  region  is  relatively  negative,  the  relatively 
positive  region  lies  apexwards  and  in  its  immedate  vicinity  (Fig  6B 
1st  phase).  As  the  excitation  wave  proceeds  downward,  the  advancing 
border  spreads  laterally,  but  the  balance  of  the  potential  differences 
manifests  itself  still  in  the  same  direction  (Fig.  6B  midphase).     In  its 


7.  The  reply  which  has  been  made,  that  there  is  a  natural  line  of  block 
between  the  two  chambers,  does  not  appear  to  me  relevant.  They  are  united  func- 
tionally by  muscle  fibers,  the  region  of  block  being  simply  a  region  of  slow  propa- 
gation;  if  it  is  held  that  this  region  of  slow  propagation  constitutes  a  line  of 
complete  separation  from  the  standpoint  under  consideration,  the  burden  of 
proving  this  lies  with  those  who  hold  the  view. 
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further  progress  the  advancing  border  of  the  wave  is  not  only  proceed- 
ing toward  the  apex,  but  is  now  also  traveling  back  in  the  lateral  walls 
to  reach  the  base  (Fig.  6  B  end-phase  left-hand  figure).  Activity  in 
the  region  of  the  apex  still  tends  to  maintain  the  electric  axis 
from  base  to  apex ;  the  basal  activity  tends  to  set  it  in  a  contrary  direc- 
tion. But  the  effect  of  this  basal  activity  is  apparently  insufficient 
to  upset  the  average  direction,  which  still  remains  from  base  to  apex. 
The  basal  contact  is  throughout  relatively  negative  to  the  apical  contact. 
If,  however,  as  often  happens  in  the  amphibian  heart,  the  basal  seg- 
ments of  muscle  are  the  last  supplied,  this  opposition  of  the  apical 
effects  is  removed  and  the  effect  of  basal  activity  then  appears  It 
manifests  itself  in  the  form  of  an  6"  wave,  a  downward  deflection 
indicating  relative  negativity  of  the  apical  contact.  The  axis  of  the 
electromotive  force  is  now  from  below  upward  (Fig.  6B  end  phase, 
light-hand  figure). 
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Fig.  8. — Times  of  arrival  of  excitation  wave  relative  to  each  other  indicated 
in  decimal  points  of  a  second. 

Thus,  our  hypothesis  brings  us  to  a  reasonable  explanation  of  a 
curious  but  actual  observation,  namely,  that  the  appearance  of  an  5" 
wave  in  the  electrocardiogram  of  amphibians  is  associated  with  late 
arrival  of  the  excitation  wave  at  the  ventricular  base.  No  other  present 
day  hypothesis  will  afford  an  explanation  of  this  phenomenon.  This 
example  is  in  my  view  precisely  comparable  to  that  of  the  bulbtis 
already  cited.  In  both  instances  basal  activities  are  responsible  for 
relative  negativity  of  the  apical  contact ;  but  the  present  illustration  has 
an  advantage  over  the  first,  in  that  there  can  be  no  question  here  of 
separate  muscle  systems;  the  whole  of  the  musculature  of  the  ventricle 
is  one  uniform  svncvtium. 


THE     MAMMALIAN     ELECTROCARDIOGRAM 

Similar  methods  of  observation  are  applied  to  the  mammalian  ven- 
tricle and,  although  in  this  instance  we  deal  with  a  far  more  complex 
arrangement,  similar  correlations  can  be  shown  to  exist  between  the 
manner  in  which  the  excitation  wave  spreads  and  the  set  of  the  elec- 
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trical  axis  from  instant  to  instant.  To  consider  the  constitution  of  this 
electrocardiogram  in  full  detail  would  detain  us  too  long,  it  must  suffice 
if  by  a  single  example  I  illustrate  again  the  general  principle  of  inter- 
pretation, and  show  that  the  hypothesis  of  limited  potential  differences 
is  applicable  in  this  case  also.  Let  us  take  the  simpler  case,  the 
excitation  of  the  dog's  left  ventricle. 

The  excitation  wave  is  found  by  observation  to  start  in  the  septum 
of  the  ventricles;  it  is  traced  down  the  septum  to  the  apex  and  from  the 
latter  up  the  lateral  wall  to  the  base.  The  times  of  arrival,  relative  to 
each  other,  are  indicated  in  Figure  8  in  decimal  points  of  a  second. 
But  in  moving  along  this  semicircular  path  the  wave  does  not  proceed 
in  a  direction  parallel  to  the  borders  of  the  muscular  track,  it  is  pene- 
trating the  wall  in  successive  segments  of  its  course ;  it  moves  always 
from  within  outward  along  centrifugal  paths;  each  part  of  the  wave 
travels  from  the  endocardial  to  the  pericardial  surface.  Throughout  its 
passage,  the  electrical  axis  constantly  changes  so  that,  while  in  the 
initial  stages  this  axis  sits  from  left  to  right  in  the  body,  it  gradually 
shifts  to  a  base-apex  direction ;  from  this  it  swings  more  and  more  to 
the  left  until,  eventually,  and  when  the  excitation  wave  is  reach- 
ing the  base  of  the  left  ventricle,  the  electrical  axis  is  directed 
chiefly  upward.  This  change  in  the  direction  of  the  axis  is 
responsible  for  the  complexity  of  the  corresponding  electrocardio- 
graphic curves.  When  the  set  of  the  axis  is  in  the  main  down- 
ward, a  basal  contact  (right  shoulder)  is  relatively  negative  to  an 
apical  contact  (left  thigh)  ;  the  corresponding  upstroke  in  the  electro- 
cardiogram contributes  to  the  formation  of  the  well-known  deflection 
R.  On  the  contrary,  when  the  set  of  the  axis  is  mainly  upward,  the 
apical  contact  becomes  relatively  negative  to  the  basal  contact  and  the 
corresponding  downstroke  in  the  electrocardiogram  is  the  chief  constit- 
uent of  the  well  known  deflection  5".  As  in  the  amphibian  heart,  5"  does 
not  represent  an  apical  activity,  it  represents  a  basal  activity.  Now  this 
example,  though  complex,  is  a  striking  one.  There  is,  within  the 
reasonable  bounds  of  error  in  observation,  complete  correspondence 
between  the  readings  which  indicate  the  distribution  of  the  advancing 
excitation  wave  and  the  set  of  the  electrical  axis  at  corresponding 
phases  of  the  cycle,  when  the  set  of  this  axis  is  read  in  terms  of  my 
hypothesis  of  limited  potential  differences.  These  observations  are  in 
full  accord  with  our  knowledge  of  the  anatomy  of  the  ventricle,  in 
accord  with  a  distribution  of  the  excitation  wave  through  the  left  divi- 
sion of  the  auriculoventricular  bundle  and  its  arborization ;  for  the  left 
division  enters  the  ventricle  on  its  septal  surface  and  distributes  its 
branches  to  the  septum,  to  the  apical  parts  of  the  heart  and  to  the 
lateral  walls  of  the  heart  and  to  the  lateral  walls  at  the  base,  in  this 
order.     Consider  the  ascertained  order  of  spread  and  arrange  theoreti- 
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cally  the  electrical  axis,  using  the  hypothesis  of  distributed  potential 
differences,  and  one  arrives  at  a  result  which  is  not  consistent  with 
observation.  According  to  this  hypothesis,  relative  negativity  should 
appear,  first  of  all,  at  the  basal  contact ;  secondly  when  the  wave  of 
excitation  reaches  the  apex,  the  apical  contact  should  appear  relatively 
negative ;  finally  when  the  wave  returns  to  the  base,  the  basal  contact 
should  again  show  relative  negativity.  The  second  and  last  suppositions 
are  not  in  accord  with  the  facts.  But  if,  on  the  other  hand,  one 
arranges  the  potentials  theoretically,  using  the  hvpothesis  of  limited 
potential  dift'erences,  harmony  exists. 

In  the  light  of  these  observations  and  in  the  light  of  those  previously 
described,  I  have  no  hesitation  in  discarding  the  older  hypothesis  and  in 
accepting  in  its  place  the  hypothesis  which  I  term  that  of  limited 
potential  dift'erences.  It  is  in  accord,  so  far  as  can  be  seen,  with  all 
present  observations  on  heart  muscle.  I  do  not  claim  that  it  aft'ords 
a  final  explanation,  being  quite  prepared  to  find  that  future  observations 
will  necessitate  its  modification;  but  it  is  desirable,  nay  it  is  essential, 
that  we  should  possess  ourselves  of  an  hypothesis  which  harmonizes 
with  all  present  day  observation ;  an  hypothesis  which  will  serve  to 
direct  further  experiment  along  fruitful  channels.  Hypotheses  which 
are  out  of  harmony  with  present  observations  will  not  serve  this  pur- 
pose. The  present  hypothesis  has  been  put  forward  and  is  now  empha- 
sized in  the  belief  that  it  will  supply  our  present  and  immediate  needs. 
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A     CASE     OF     HODGKIN'S     DISEASE     TREATED     WITH 
ROENTGEN     RAYS     FOR     SIX     YEARS* 

KEXXETH     R.    McALPIN.     M.D. 

AND 

WILLIAM     C.     VON     GLAHX,     M.D. 

XEW    YORK 
IXTRODUCTICX 

Cases  of  Hodgkin's  disease,  involving  the  stomach  or  wall  of  the 
gut,  while  rare  have  been  reported  by  various  observers  (Briquet/ 
Musser,-  Wells  ^  and  Reiman^).  The  case  reported  by  Briquet  is 
of  interest  because  it  was  the  first  of  this  type  on  record,  and  is  accepted 
now  as  a  case  of  Hodgkin's  disease.  Apparently  in  none  of  the  cases 
referred  to  was  there  a  perforation  of  the  intestine. 

Our  patient  was  a  young  woman  observed  and  treated  with  roentgen 
rays  for  six  and  a  half  years.  Microscopic  examinations  were  made 
before  treatment  was  instituted,  and,  again,  at  the  post  mortem. 

The  course  of  the  disease,  type  of  temperature  ("Riickfall"),  blood 
findings  and  many  of  the  physical  signs  and  symptoms  are  similar 
to  those  frequently  noted  in  this  disease.  The  case  is  thought  to  be 
of  interest  for  the  following  reasons : 

1.  Lengtli  of  time  the  patient  was  observed  and  treated  with  the 
roentgen  ray. 

2.  Apparent  ettect  of  the  roentgen  ray  on  the  clinical  course  and 
patholog>'  of  the  glands. 

3.  Type  of  temperature  both  early  and  late  in  the  disease. 

4.  Termination  due  to  perforation  of  the  intestine. 

REPORT     OF     CASE  '' 

Clinical  History. — F.  M.  (history  Xo.  42181),  white  woman,  aged  22,  single, 
clerk,  was  first  admitted  to  the   Presbyterian  Hospital  in   March,   1914. 

Chief  Complaint. — Pain  in  abdomen  and  weakness. 

Family  History. — Xegative. 

Past  History. — Swelling  of  legs  was  treated  by  injections  (  ?)  three  years  ago. 
She  had  had  frequent  attacks  of  tonsillitis.  Her  menses  were  irregular;  the 
last  period,  one  month  ago. 

Present  Illness. — Nine  weeks  ago  she  first  noticed  a  tired  feeling,  insomnia 
and  anorexia.     For  the  past  two  weeks,  she  has  had  a  burning  pain  in  the  left 


*  From   the    Medical    Clinic    and    Pathological    Department    of    the    Presby- 
terian  Hospital,   Columbia  University. 

1.  Briquet:    Cruveilhier's  Atlas  2:    Pt.  34.    1835-1842. 

2.  Musser,  J.  H. :    Tr.  Assn.  Am.  Phys.  16:638.   1901. 

3.  Wells,  Gideon  H. :    Am.  J.  M.  Sc.  128:837.  1904. 

4.  Reiman,   S.  P.:    Cleveland  M.  J.  15:94,   1917. 

5.  This  case  is  one  of  those  referred  to  by  Longcope  and  McAlpin  in  their 
article  on  Hodgkin's  disease  in  Oxford  Medicine. 
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side,  radiating  to  her  back.  This  pain  has  no  relation  to  meals,  but  is  worse  at 
night.  There  is  no  vomiting,  epistaxis  or  swelling  of  legs.  She  has  lost  15 
pounds  in  weight.     Five  days   ago  her  temperature  was   103  F. 

Physical  Examination. — The  patient  is  a  pale  thin  woman.  The  tonsils  are 
ragged.  The  lungs  are  clear.  The  heart  is  negative,  except  for  a  soft  blow- 
ing systolic  murmur   over  the   pulmonic  area,  which   is  not  transmitted. 

Abdomen  :  There  is  some  tenderness  on  deep  pressure  one  inch  to  the  left 
of  the  midline  and  two  inches  below  the  umbilicus.  There  is  no  rigidity,  no 
masses  or  signs  of  fluid.  The  liver  and  spleen  are  not  palpable.  Reflexes: 
Corneal,  absent.     Others,  normal. 


Fig.   1. — Hodgkin's   disease.      Mesenteric   gland. 


Gastric  analysis  on  two  occasions  showed  a  low  total  acidity ;  no  free  hydro- 
chloric acid;  no  lactic  acid;  a  faint  trace  of  blood.  The  blood  Wassermann 
and  the  Pirquet  test  were  negative.  Tuberculin  and  intradermic  tuberculin  tests 
were  negative.  Urine:  Negative,  except  for  occasional  trace  of  albumin; 
no  casts. 

Clinical  Course.  —  Twenty  days  after  admission,  a  hard,  irregular,  freely 
movable  mass  was  felt  in  the  right  lower  quadrant.  It  was  not  tender  and  there 
was  no  rigidity.  Percussion  over  the  mass  elicited  tympanites.  Roentgen-ray 
examination  of  the  abdomen  was  negative  for  glands. 

Roentgen-ray  examination  of  chest :  Throughout  the  right  lung  and  at  apex 
of  the  left  lung  are  shadows  suggestive  of  tuberculosis. 
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The  abdominal  mass  gradually  increased  in  size,  and  April  18  an  explora- 
tory laparotomy  was  done.  There  were  nmnerous  enlarged  glands  in  the 
mesentery  of  the  hollow  viscera.  Some  of  these  measured  at  least  5  cm.  in 
diameter.  There  were  three  main  masses  rather  loosely  connected  and  more 
or  less  distinct  from  each  other.  These  were  in  the  mesentery  of  the  ileum 
and  jejunum.  The  lowest  was  in  the  ileocecal  angle.  The  next  one  lay  about 
over  the  vertebral  column,  while  the  third  was  well  up  near  the  duodenojejunal 
angle.  There  were  numerous  discrete  glands  beneath  and  behind  the  cecum ; 
small  nodules,  0.5  cm.  in  diameter,  were  also  scattered  in  the  mesentery.  These 
appeared  to  be  yellowish  in  color  and  cheesy. 

Pathologic  Report  (15593). — Mesenteric  gland.  Gross  :  Nothing  character- 
istic was  noted.  Alicroscopic :  Capsule  thick  and  fibrous.  Major  part  of  mass 
consists  of  lymphoid  tissue.  Stroma  is  a  fine  reticulum.  Scattered  through 
this  are  small  round  cells  and  eosinophils,  also  many  cells  of  the  Dorothy 
Reed  type.  Evidently,  this  is  a  case  of  Hodgkin's  disease,  fairly  well  advanced 
(Fig.    1). 

The  wound  healed  promptly.  Later  thrombosis  of  the  left  internal  saphe- 
nous vein  developed.  Pain  in  the  lumbar  region  was  relieved  by  morphin  and 
paraldehyd.  The  temperature  which  had  been  101  and  102.8  F.,  gradually  came 
down.  She  gained  9  pounds  in  weight.  The  mass  in  the  abdomen  remained 
the  same.  No  superficial  glands  were  ever  palpable.  The  heart  and  lungs 
were  as  at  the  previous  examination.  Blood  pressure  was  100/64  and  90/80. 
Discharged,  June  19,  1914. 

Interval  History.  —  She  was  admitted  to  the  General  Memorial  Hospital. 
July  7,  and  discharged  July  10,  1914.  There  was  tenderness  in  the  epigastrium. 
A  few  nodules,  size  of  a  hazel  nut,  were  found  in  the  right  iliac  region,  which 
was  the  first  time  that  a  superficial  gland  was  ever  palpated.  The  spleen  and 
liver  were  palpable.  Roentgen-ray  therapy  was  begun  July  24,  1914.  Between 
the  first  and  second  treatment  one  month  elapsed.  The  patient  felt  better  after 
treatment.     Later  the  roentgen-raj'  treatments  were  given  everj'^  two  weeks. 

Second  Admission. — Nov.  14,  1914.  Three  days  before  admission  she  had 
severe  abdominal  pain,  with  vomiting  and  slight  fever.  At  this  time,  the  gen- 
eral appearance  of  the  patient  was  improved.  A  large,  hard,  nodular  mass 
was  felt  in  the  abdomen,  extending  from  the  ensiform  to  the  umbilicus,  and 
3  cm.  to  each  side  of  the  midline.  It  moved  with  respiration  and  was  slightly 
tender.  No  definite  mass  could  be  made  out  in  the  right  lumbar  quadrant,  but 
an  indefinite  sense  of  resistance  was  noted.  The  liver,  spleen  and  kidneys  were 
not  felt.  Cervical,  axillary  and  inguinal  lymph  nodes  were  not  palpable.  The 
skin  was  negative.     The  eye  grounds  were  normal.     Wassermann :  negative. 

Later  is  was  impossible  to  definitely  outline  the  abdominal  mass  and  most  of 
it  seemed  to  be  to  the  right  of  the  midline.   Other  smaller  masses  felt  in  abdomen. 

She  had  dull  aching  in  the  back,  radiating  about  the  waist.  Temperature 
gradually  rose  to  103.2  F.  Pain  was  quite  severe  and  not  relieved  by  fairly 
large  doses  of  morphin.  There  followed  gradual  improvement  and  the  tem- 
perature became  normal. 

Blood  cultures  (Rosenow  deep  tubes)  :     Sterile. 

Roentgen-Ray  Examination  (Roentgenogram  31424). — Slight  increased  dif- 
fuse density  of  lungs.  Shadow  about  roots  unusually  strong.  Left  diaphragm 
slightly  irregular  with  bulging  over  the  spleen. 

Discharged,  Dec.  22,  1914,  somewhat  improved. 

Interval  History. — She  was  given  roentgen-ray  treatments  at  somewhat 
irregur  intervals. 

March  1,  1915:  Deep  in  both  inguinal  regions  are  glands  about  2  cm.  in 
diameter.  None  palpable  elsewhere.  Abdominal  mass  much  smaller  and  much 
less  distinct. 

Sept.  21,  1915:  Several  enlarged  glands  in  the  left  supraclavicular  fossa 
formed  a  mass  6  cm.  in  diameter  and  about  2  cm.  thick.     These  glands  decreased 
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in  size  under  roentgen-'-aj-  treatment.  Abdomen:  Slight  resistance  just  belovv 
costal  arch  in  midline,  with  indefinite  sense  of  a  mass  which  cannot  be 
mapped  out. 

She  has  had  periods  of  fever.  One  of  these  lasted  twenty  days,  and  the 
temperature  went  as  high  as  103.2  F. 

In  December,  1916,  she  showed  signs  of  hyperthyroidism  —  nervousness, 
diarrhea,  insomnia,  palpitation  and  tremor,  but  no  exophthalmos.  These  symp- 
toms gradually  improved  during  the  next  two  years.  Roentgen-ray  treatment 
of  glands  was  continued  during  this   period. 

June,  1918:  Menses  irregular;  some  loss  of  weight;  temperature  elevated 
two  or  three  degrees  each  night.  Abdomen  is  somewhat  distended ;  sense  of 
mass  made  out  along  median  abdominal  line.  Spleen  not  palpable.  Some  retro- 
sternal dulness.     Right  femoral  nodes  enlarged. 

Jan.  31,  1919:  Abdomen  a  little  full  and  resistant,  but  no  mass  distinguish- 
able.    Inguinal  nodes  about  3  by  4  cm.  in  diameter. 

April  25,  1919:  Abdominal  masses  faintly  palpable.  Spleen  felt  8  cm.  below 
costal  margin,  hard  and  firm.     No  masses  in  neck. 

Third  Admission. — June  2,  1919.  Since  attack  of  influenza  eight  months  ago, 
she  has  not  been  as  well  as  before,  and  has  lost  20  pounds  in  weight. 

Physical  Examination.  —  Deep  and  superficial  lymph  nodes  above  the  left 
clavicle  are  enlarged.  The  inguinal  lymph  nodes  are  enlarged,  firm  and  smooth. 
Spleen  is  palpable   four  finger-breadths  below  the  costal   margin. 

June  18,  1919,  she  was  given  by  transfusion  450  c.c.  blood,  followed  almost 
immediately  by  a  severe  chill    (Chart  3). 

During  most  of  her  stay  in  the  hospital,  the  temperature  was  between  100 
and  103  F.,  but  finally  it  came  down  to  normal.  She  was  given  four  roentgen- 
ray  treatments  which  were  followed  with  some  reaction  (Chart  3).  Her  gen- 
eral condition  gradually  improved,   and  she  was   discharged  June  27,   1919. 

Interval  History. — July  16,  1919:  Tenderness  over  spleen;  signs  of  medi- 
astinal mass. 

September  11:  The  patient  returned  to  the  dispensary  complaining  of 
abdominal  pain,  obstinate  constipation,  chills  and  fever.  She  has  had  six 
roentgen-ray  treatments  since  her  discharge  June  27,  1919.  After  each  treat- 
ment she  had  general  malaise,  sick  headaches,   fever  and  nausea. 

Fourth  Admission. — Sept.  11,  1919.  She  has  had  a  gnawing  pain  in  the  back, 
not  aflected  by  respiration.  Temperature  was  elevated  in  the  evening,  low  in 
the  morning.  The  pain  in  the  splenic  region  was  made  worse  by  respiration. 
Constipation  increased  this  pain.  Constipation  was  very  obstinate  and  not 
relieved  by  medication  which  made  the  pain  worse.  The  fever  has  lasted  over 
periods  of  from  three  to  five  weeks,  with  afebrile  intervals.  The  febrile  periods 
have  been  increasing  in  length.     Fever  accompanied  by  drenching  night  sweats. 

Physical  E.xamination. — Glands:  One  postcervical  gland  on  the  left  side  was 
firm  and  about  the  size  of  a  peach  stone.  A  few  small  glands  were  palpable 
in  the  right  axilla.  Abdomen :  Liver,  2.5  cm.  below  costal  margin.  Spleen, 
8  cm.  below  costal  margin  and  4  cm.  to  left  of  midline.  Dulness  extends  up  to 
fifth  space.  Spleen  was  hard  and  quite  tender;  moved  freely  with  respirations. 
No  other  masses  were   felt  in  abdomen. 

Clinical  Course. — September  14,  signs  of  fluid  in  the  left  pleural  cavity  were 
made  out,  and  the  next  day  100  c.c.  of  yellowish  turbid  fluid  was  aspirated. 
Signs  of  fluid  again  appeared  and  October  14,  900  c.c.  of  turbid  fluid  was 
removed  from  the  left  chest.  After  the  third  transfusion  (October  16)  the 
patient's  condition  improved  and  the   temperature  came  down  to   normal. 

November  6:  Left  pleural  cavity  was  aspirated,  and  700  c.c.  fluid  was 
withdrawn. 

November  30 :  The  spleen  was  larger  than  previously ;  edge  sharp,  hard  and 
irregular. 

December  9 :  Left  eye :  Fluid  vitreous  was  filled  with  opacities.  Retina 
detached  at  lower  part.  Disk  partly  atrophic.  Right  eye :  Patch  of  mild 
chorioretinitis  found.     Floating  opacities  in  vitreous. 
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There  were  always  signs  of  fluid  in  the  left  chest  and  at  times  also  in  the 
right  chest.  The  patient  complained  frequently  of  pain  in  the  right  side  of 
the  chest  and  also  in  the  splenic  region.  There  was  abdominal  distention 
which  was  only  slightly  relieved  by  enemas,  etc.  The  spleen  was  enlarged 
and  tender.  The  temperature  would  be  elevated  for  about  two  weeks,  then 
descend  gradually  to  normal  and  remain  so  for  from  ten  days  to  four  weeks, 
then  rise  again.     During  febrile  periods,  constipation  was  obstinate  and  there 
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Fig.   2. — Hodgkin's   disease.     Involvement   of   peritoneum. 


was  severe  abdominal  pain  with  distention.  In  the  afebrile  periods,  she  seemed 
to  be  much  better.  Because  of  weakness  roentgen-ray  treatments  were  dis- 
continued after  March   10.  1920. 

After  transfusions,  of  which  she  had  nine,  there  occurred — with  one  excep- 
tion— a  sharp  rise  in  temperature.  Immediately  after  this  rise  the  temperature 
went  down  rapidly  to  a  lower  level  than  it  reached  prior  to  transfusion.  This 
drop   in  temperature  was   accompanied   by   improvement   in   general    symptoms. 

August  27  an  operation  for  intestinal  obstruction  was  considered  but  was 
not  done  because  the  patient  was  relieved  by  turpentine  enemas  given  in  the 
knee  chest  position. 
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September  25,  she  complained  of  gas  in  the  intestines  with  cramps.  The 
abdomen  showed  only  moderate  distention,  and  was  soft  and  tender.  Treatment 
was  unavailing.  She  gradually  grew  weaker  and  died  without  reacting  to 
stimulants. 

Filial  Diag)iosis. — Hodgkin's  disease. 

Necropsy  Report  (9061).  —  Anatomic  diagnosis:  Hodgkin's  disease,  with 
involvement  of  the  spleen,  liver,  lungs,  pleura,  intestine  and  peritoneum  ;  ulcera- 
tion of  colon ;  perforation  of  transverse  colon ;  acute  generalized  peritonitis ; 
left   hydrothorax :    fibrous    pleural    adhesions;    chronic    mitral    endocarditis. 

The  body  is  that  of  a  well  developed,  moderately  emaciated  white  woman, 
152  cm.  in  length.  The  mucous  membranes  are  pale.  Superficial  lymph  glands 
are  not  palpable.  The  abdomen  is  distended  and  tense.  There  is  an  old  scar  in 
the  midline  between  the  umbilicus  and  pubis.    There  is  some  edema  of  the  feet. 

Abdomin.'vl  Cavity. — The  abdominal  cavity  contained  a  considerable  quan- 
tity of  foul  gas  and  500  c.c.  of  thick,  dark  greenish  fluid,  having  a  foul,  fecal 
odor.  The  omentum  is  adherent  along  the  scar  in  the  anterior  abdominal  wall 
and  also  to  the  parietal  peritoneum  in  the  left  lower  quadrant.  The  peritoneum 
is  thickened  and  opaque,  especially  that  part  in  the  pelvis  and  both  lower 
abdominal  quadrants.  At  the  splenic  flexure  is  a  firm  mass  measuring  12  by 
8  cm.  It  is  adherent  to  the  parietal  peritoneum,  and  behind  it  the  colon  seems 
to    pass. 

Intestine  :  Adjacent  loops  of  intestine  are  lightly  bound  together  by  a  fibrino- 
purulent  exudate.  Over  the  serous  surface  of  the  sigmoid  and  its  mesentery 
and  also  the  pelvic  peritoneum  are  numerous  nodules,  varying  in  size  from 
a  few  millimeters  to  1  centimeter  or  more  in  diameter.  These  nodules  are  firm 
and  often  fused  together.  The  nodules  are  most  abundant  along  the  mesenteric 
attachment  of  the  sigmoid,  and  spread  down  over  its  serous  surface,  often  as 
stiff  plaques  2  cm.  in  length,  and  at  a  few  places  they  almost  encircle  the 
intestine    (Fig.  2).     On  section,  they  are  silver  gray  in  color  and  translucent. 

The  mucosa  of  the  small  intestine  is  negative.  The  lymphoid  follicles  and 
Peyer's  patches  are  made  out  with  difficulty.  The  ascending  colon  and  the  proxi- 
mal half  of  the  transverse  colon  are  normal.  In  the  distal  half  of  the  transverse 
colon  are  many  ulcers  in  the  mucosa,  varj'ing  from  0.5  to  1.5  cm.  or  more  in 
diameter.  These  are  rounded  or  oval,  with  shelving  edges  and  clean  bases,  and 
rarely  extend  deeper  than  the  muscularis.  One  of  the  large  ulcers  on  the  inferior 
wall  has  perforated,  the  opening  being  more  than  1  cm.  in  diameter.  At  the  splenic 
flexure,  the  intestine  is  very  sharply  angulated  and  the  lumen  is  much  nar- 
rowed. The  wall  of  the  intestine  in  this  region  is  tremendously  thickened, 
very  stiff  and  almost  cartilaginous  in  consistence.  In  the  wall  of  the  intestine, 
usually  in  the  serous  portion,  are  many  firm  nodules  about  0.5  cm.  in  diameter. 
The  fat  about  the  intestine  contains  similar  nodules,  and  fil^rous  tissue  is 
increased  in  it.  (It  was  this  infiltrated  fat  and  thickened  intestinal  wall  which 
was  described  as  the  mass  at  the  splenic  flexure,  and  also  clinically  as  the 
spleen.)  The  mucosa  of  the  descending  colon  and  sigmoid  contains  many 
ulcers,  similar  to  those  described  above.  The  rectum  is  negative  except  for 
a  few  nodules   in  the  peritoneum  over  it. 

Stom.\ch  and  Duodenum  :  Stomach  is  negative,  except  for  a  stellate  scar 
in  the  mucosa  on  the  lesser  curvature,  and  a  few  nodules  similar  to  those 
described  above  in  the  serosa,  also  along  the  lesser  curvature.  The  duodenum 
shows  nothing  unusual. 

Lymph  Glands  :  The  mesenteric  lymph  glands  are  quite  small  and  are 
found  with  difficulty.  On  section,  nothing  abnormal  can  be  made  out.  The 
retroperitoneal  glands  are  not  enlarged;  they  are  quite  fibrous.  The  pelvic 
lymph  glands  are  bound  together  by  fibrous  tissue.  Some  of  them  are  fibrous, 
others  contain  firm,  yellow,  opaque  material.  They  are  not  enlarged.  Along 
the  thoracic  aorta  are  a  few  firm  glands  which  on  section  contain  considerable 
fibrous  tissue.  The  mediastinal  glands  are  only  slightly  enlarged.  Those  at 
the  bifurcation  of  the  trachea  show  an  increase  in  fibrous  tissue.  Below  the 
manubrium  is  a  lymph  gland  which  is  slightly  enlarged  and  soft.     On  section, 
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it  is  graj-  and  translucent,  with  black  pigment  scattered  through  it.  The  cer- 
vical and  axillary  glands  are  quite  small  and  on  section  show  nothing  unusual. 

Spleen. — The  spleen  does  not  extend  below  the  costal  margin.  It  weighs 
200  gm. ;  has  a  definitely  nodular  feel.  On  section  there  are  seen  in  the  pale 
grayish  red  pulp  many  moderately  firm,  opague,  white,  sharply  circumscribed 
masses,  measuring  up  to  1  cm.  in  diameter,  and  having  a  somewhat  lobulated 
outline.  The  malpighian  bodies  are  not  easily  seen.  There  is  no  apparent 
increase  in  fibrous  tissue. 

Liver:  The  liver  weighs  1.450  gm.,  and  measures  22  by  21  by  9  cm.  The 
capsule   is    smooth.      Projecting   above   the   surface   are   several    white   rounded 
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Fig.   3. — Hodgkin's   disease.      Gland    from    axilla. 


nodules,  the  largest  of  which  is  in  the  postero-inferior  part  of  the  right  lobe. 
On  section,  the  pale  reddish  yellow  surface  is  thickly  studded  with  nodules 
varying  in  size  from  1  mm.  to  one  3  cm.  in  its  greatest  diameter.  The  smaller 
nodules  are  gray  and  translucent;  the  larger  ones  are  opaque  and  white.  For 
the  most  part  they  are  rounded,  soft  and  sharply  circumscribed.  The  large 
mass  in  the  right  lobe  is  soft,  opaque  and  yellowish  white,  with  a  somewhat 
irregular  outline.  There  is  another  large,  similar  mass  close  to  the  falciform 
ligament.  The  lobulation  of  the  liver  is  uniform.  There  is  no  increase  in  con- 
nective tissue.     The  gallbladder  is   negative. 
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Pancreas  :  The  pancreas  weighs  100  gm.  The  tail  is  densely  adherent  to 
the  firm  mass  at  the  splenic  flexure.  This  portion  contains  much  fihrous  tis- 
sue, running  in  wide  strands  through  the  parenchyma.  Elsewhere,  the  pancreas 
is  normal. 

Uterus:    Normal. 

Ovaries  :  The  ovaries  are  quite  small  and  fibrous,  resembling  in  appear- 
ance the  ovaries  of  an  elderly  woman.  On  section,  a  few  corpora  albicantia 
are  seen.     No  follicles  or  corpora  lutea  are  made  out. 

Bladder  :     Negative,  except  for  nodules  in  the  peritoneum  over  it. 

Aorta,  kidneys,  suprarenals  and  fallopian  tubes  are  normal. 

Heart:  Weight,  210  gm.  It  is  normal,  except  for  a  few  firm,  fibrous 
nodules  on  the  mitral  valve. 

Lungs  :  The  left  pleural  cavity  contains  400  c.c.  of  straw  colored  fluid.  The 
right  pleural  cavity  contains  only  a  slight  excess.  Left  lung:  There  are  some 
dense  adhesions  between  the  apex  of  the  lower  lobe  and  the  parietal  pleura. 
The  lung  is  crepitant,  except  for  a  firm  area  in  the  anterior  part  of  the  lower 
lobe.  On  section  through  this  area,  there  is  seen  a  small,  firm,  gray  nodule 
surrounded  by  a  zone  of  consolidation.  Elsewhere  the  lung  shows  nothing 
unusual  on  section.  In  the  parietal  pleura  at  the  site  of  the  adhesions,  there 
are  many  firm  elevated  nodules,  resembling  those  seen  in  the  peritoneum.  These 
are  grouped  together  and  cover  an  area  measuring  about  6  by  4  cm.  Right  lung : 
Normal.  The  bronchial  lymph  glands  are  not  enlarged  and  are  quite  black 
in  color. 

Thyroid:  Is  slightly  enlarged  and  firm.  On  section  considerable  colloid 
is    seen. 

Bacteriologic  Report. — On  culture,  the  peritoneal  fluid  contained  B.  wclchii. 
enterococci,  small  gram-positive  bacilli,  B.  coli  communis,  and  B.  fccalis 
alkaligencs. 

Microscopic  Examination. — Lymph  Glands:  Axillary  and  cervical:  The 
normal  arrangement  of  the  gland  is  lost ;  the  germinal  centers  and  sinuses  are 
obliterated;  the  lymphocytes  are  reduced  in  number.  Scattered  throughout  are 
many  large  cells,  with  one  or  more  oval  or  indented  vesicular  nuclei,  each 
containing  a  small  amount  of  chromatin  material  and  a  single  large  nucleolus. 
Also,  there  are  many  multinucleated  giant  cells,  having  oval,  rounded  or  lobed 
nuclei  which  appear  to  be  solid.  There  is  little  increase  in  connective  tissue. 
A  few  small  necrotic  areas  are  seen  containing  fibrin.  The  capsule  is  slightly 
thickened.  There  are  no  eosinophils.  In  the  fat  about  the  gland  are  small 
accumulations   of  plasma  cells   and  lymphocytes    (Fig.  3). 

Retromanubrial :  The  lymphoid  tissue  has  been  almost  entirely  replaced  by 
loose  connective  tissue,  masses  of  giant  cells  with  hyperchromatic  nuclei,  and 
endothelioid  cells.  In  this  new  tissue  are  many  small  foci  of  necrosis,  infil- 
trated with  polymorphonuclear  neutrophils.  At  one  point,  the  capsule  of  the 
gland  has  been  penetrated  and  the  giant  cells  and  connective  tissue  have 
extended  into  the  surrounding  fat.     No  eosinophils  are  seen. 

Mesenteric :  The  germinal  centers  and  sinuses  are  obliterated.  The 
lymphoid  tissue  is  rather  loose.  The  capillaries  in  the  gland  are  distended. 
There  are  many  typical  endothelioid  cells.  In  some  of  these  the  nucleus  has 
a  vacuolated  appearance,  the  nucleolus  having  disappeared.-  Only  a  few  cells 
are  present  which  have  the  hyperchromatic  nuclei.  A  few  areas  of  necrosis 
are  found  in  which  the  cell  outlines  can  still  be  discerned.  The  capsule  has 
been  invaded  and  in  the  surrounding  fat  are  found  giant  cells,  lymphoid  and 
plasma  cells  and  endothelioid  cells.  Occasionally,  a  single  endothelioid  cell 
is  found  lying  free  inside  a  fat  cell. 

Retroperitoneal :  In  one  section,  fibrous  tissue  is  tremendously  increased 
and  passes  in  dense  and  wide  bands  throughout  the  gland,  and  also  is  scattered 
diffusely  through  it.  Between  the  larger  bands  of  fibrous  tissue  are  small 
pockets   of   lymphoid   cells,   among   which   are   found   typical   endothelioid   cells 
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and  a  few  of  the  giant  cells  with  densely  staining  nuclei.  In  another  section, 
the  fibrosis  is  even  more  marked:  there  are  fewer  endothelioid  cells.  A  mod- 
erate number  of  polymorphonuclear  neutrophils  are  found. 

Pelvic :  The  greater  portion  of  the  gland  consists  of  caseous  material,  in 
which  are  found  nuclear  fragments  and  cholesterin  crystal  clefts.  About  the 
periphery  of  this  necrotic  area  are  a  few  epithelioid  cells  and  mononuclear 
phagocytes  containing  brown  pigment.  There  are  also  irregular  masses  stain- 
ing blue,  lying  in  clear  spaces  having  the  outlines  of  cells.  With  silver  nitrate 
and  purpurin  preparations  these  are  found  to  be  masses  of  calcium,  and  are 
most  probably  calcified  nuclei. 

In  sections  of  glands  stained  with  the  Wilson  stain,  the  nucleoli  of  the 
typical  endothelioid  cells  stain  wnth  varying  intensity  with  eosin.  Often  in  the 
other  giant  cells,  a  large  nucleolus  stands  out  brilliantly  stained  with  eosin  in 
the  center  of  the  solid  blue  staining  nucleus.  The  cytoplasm  of  these  latter 
cells  likewise  takes  a  more  intense  stain  with  eosin  than  does  that  of  the 
endothelioid  cells    (Fig.  4). 

Spleen  :  The  sinuses  are  rather  wide,  and  connective  tissue  is  increased. 
Accumulations  of  endothelioid  cells  and  polymorphonuclear  leukocytes,  together 


Fig.  4. — Hodgkin's  disease,     a  and  b,  atypical  giant   cells  :  hematoxylin  and 
eosin  stain,     c,  atypical  giant  cell ;  Wilson  stain,     d,  endothelioid  cell. 


with  eosinophils  often  occupy  the  site  of  the  malpighian  bodies.  In  some  of 
these,  there  is  necrosis  of  the  central  part.  Several  of  the  vessels  are  sur- 
rounded by  masses  of  the  Hodgkin's  granulation  tissue. 

Pancreas  :  The  interlobular  septa  are  widened  by  an  increase  in  dense  con- 
nective tissue  in  which  are  accumulations  of  small  wandering  cells  and  occa- 
sionally a  few  of  the  giant  cells  with  hyperchromatic  nuclei  and  tj-pical  endo- 
thelioid cells.     The  parenchyma  and  islands   are  normal. 

Li\^R :  In  many  of  the  lobules  the  cells  about  the  portal  areas  are  filled 
with  fat.  There  are  masses  of  loose  connective  tissue  in  which  are  many  large 
cells  with  multiple  hyperchromatic  nuclei.  A  few  eosinophils  are  found  in  these 
groups.  In  the  larger  of  these  there  is  often  central  necrosis.  At  the  margins 
of  some  of  the  nodules,  the  giant  cells  are  found  out  in  the  sinusoids,  and  the 
liver  cells  about  them  are  indented  or  flattened  out.  Occasionally  giant  cells 
are  also  found  in  sinusoids  at  a  distance  from  the  nodules. 

Kidney  :     Normal. 

Sxjpr.\ren.\l  :     Normal. 
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Small  Intestine:  Normal,  except  for  a  fil)rinopurulent  exudate  on  the 
serous  surface. 

Colon  :  In  the  lymphoid  follicles  are  seen  many  of  the  giant  cells  with 
densely  staining  nuclei.  In  the  submucosa  are  large  masses  of  loose  connective 
tissue  and  small  round  cells,  with  intermingled  giant  cells.  In  some  of  the 
larger  masses,  the  central  portion  has  undergone  necrosis.  In  the  serosa  and 
surrounding  fat  are  seen  large  accumulations  of  the  giant  cells  with  hyper- 
chromatic  nuclei,  and  virtually  none  of  the  characteristic  endothelioid  cells. 
The  giant  cells  are  found  extending  up  between  the  muscle  bundles  of  the 
longitudinal  muscle,  although  generally  the  muscle  is  lifted  up  by  the  new 
growth  of  tissue.  The  new  tissue  also  extends  to  the  blood  vessels,  but  does 
not  invade  the  vessel  wall.     A  few  eosinophils  are  found. 

Ovary:  The  blood  vessels -stand  out  prominently.  Several  corpora  albi- 
cantia  are  present  which  have  a  much  less  compact  appearance  than  usual. 
Also  there  are  several  areas  which  appear  to  be  recent  corpora  albicantia,  but 
which  contain  great  numbers  of  cells  loaded  with  coarse  brown  granules.  No 
follicles  are  to  be  differentiated. 

Heart:     The  myocardium  is  normal. 

Lung:  Just  beneath  the  pleura  are  several  groups  of  alveoli  having  thick- 
ened walls.  Some  of  the  alveolar  spaces  are  filled  with  a  granular  material 
and  a  few  small  mononuclear  cells.  Others  are  full  of  small  wandering  cells, 
and  among  these  are  typical  endothelioid  cells  and  a  few  of  the  giant  cells  with 
dense  nuclei. 

Parietal  Pleura:  This  is  greatly  thickened  and  edematous.  There  is  a 
diffuse  infiltration  with  small  round  cells,  polymorphonuclear  neutrophils,  and 
large  mononuclear  cells.  Dense  accumulations  of  small  round  cells,  many 
having  hyperchromatic  nuclei,  are  scattered  through  the  section,  but  especially 
just  beneath  the  pleural  surface. 

Treatment. — Aside  from  sedatives,  the  only  therapeutic  measures  used  were 
transfusions  and  the  roentgen-ray. 

Transfusions  :  Nine  transfusions  were  given.  At  first  they  were  given 
because  of  the  severe  anemia  and  weakness.  Immediately  after  transfusion 
there  was  a  rise  of  temperature  and  a  chill  six  out  of  nine  times.  In  a  few 
hours,  however,  the  temperature  would  fall  and  the  patient  would  be  much 
improved  for  from  a  few  days  to  a  month.  It  is  impossible  to  say  how  much 
of  this  improvement  was  due  to  the  treatment.  l)ut  undoubtedly  the  trans- 
fusions had   a  definite,  if  limited,  beneficial  effect. 

Some  of  the  drops  in  the  temperature  were  very  striking,  and  the  improve- 
ment in  the  general  condition  of  the  patient  was  just  as  marked.  On  only 
two  occasions  did  the  temperature  remain  elevated  after  transfusion.  One  of 
these  occasions  occurred  just  before  death. 

Roentgenotherapy  :  The  patient  was  treated  ninety-five  times,  but  in 
many  cases  more  than  one  area  was  irradiated.  This  treatment  was  begun 
under  the  guidance  of  Dr.  Corscaden.  The  Coolidge  tube  and  Solace  apparatus 
w-ere  used.  The  filters  were  changed  several  times.  They  were :  first,  3  mm. 
aluminum,  1  cm.  wood;  second,  1  mm.  aluminum,  1  cm.  wood,  3  mm.  glass, 
4  mm.  leather;  third,  1  mm.  aluminum.  1  cm.  wood,  3  mm.  glass,  4  mm.  leather. 
2  mm.  bakalite;  fourth,  1  mm.  aluminum,  1  cm.  wood,  not  used,  4  mm.  leather. 
2  mm.  bakalite.  The  voltage  was  80  or  90  kilovolts.  The  current  was  5  milli- 
amperes.  Anodal  distance  from  skin,  25  cm.  Dosage  at  first  was  45  milliam- 
pere  minutes  ;  this  was  increased  to  50,  and  at  the  last  reduced  to  35  milliamperes. 
The  whole  of  the  body,  anterior  and  posterior,  was  divided  into  areas.  The 
numbers  of  these  areas  were  changed  from  time  to  time,  but  were  always  so 
arranged  that  all  the  contents  of  the  thorax  and  abdominal  cavity  were  exposed 
to  the  rays. 

Originally  the  plan  w^as  to  have  the  patient  treated  twice  a  week,  choosing 
the   areas   so   that   the   whole   of  the   trunk  would   be    irradiated   once   in   three 
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weeks.  Owing  to  the  fact  that  the  patieni:  was  not  always  in  the  hospital, 
it  was   frequently  found   impossible  to   adhere   to  this   plan. 

Frequently  the  treatments  were  followed  by  nausea  and  vomiting;  this 
reaction  would  last  for  a  few  hours. 

Because  of  the  low  white  blood  cell  count  (between  3,000  and  4,000)  and 
general  weakness,  the  patient  was  given  no  roentgenotherapy  for  six  months 
prior  to  death. 

DISCUSSION 

Roentgenotherapy  was  first  used  in  the  treatment  of  Hodgkin's 
disease  about  1900.  Among  the  first  to  report  cases  were  Pusey,''  and 
WilHams  '  in  1902.  The  following  year  Childs,*  and  Finch  ^  con- 
tributed to  the  literature.  Three  years  later  Pfiefifer  ^''  wrote  an 
article.  These  early  papers  are  interesting  but  frequently  lacking  in 
details.  Indeed,  in  some  instances  they  are  only  brief  letters  expressing 
the  writer's  views  in  regard  to  his  results. 

Among  the  more  recent  writers  are  Hocgtiertel,^^  Krecke,^-  San- 
guinetti,^'  Holding/*  Levin  ^^  and  Knox.^°  It  is  unfortunate  that  none 
of  these  observers  report  the  efifect  of  the  roentgen  ray  on  the  glands. 
In  a  paper  just  published  Mueller  ^'  describes  two  cases,  detailing  the 
i:iicroscopic  appearance  of  the  glands  after  treatment. 

Our  patient  was  treated  ninety-five  times  with  roentgen  rays. 
It  is  impossible  to  say  just  what  effect  this  had  on  the  course  of  the 
disease;  apparently,  the  glands  decreased  in  size,  especially  the  cervical 
nodes.  As  is  frequently  the  case,  the  patient  was  usually  nauseated 
and  occasionally  vomited  after  the  treatment.  This  discomfort  gen- 
erally lasted  for  several  hours.  After  the  immediate  eft'ect  of  the 
treatment  wore  oft',  the  patient  would  often  seem  to  feel  better  and 
it  was  believed  that  the  rays  had  a  beneficial  eft'ect. 

Course. — The  progress  of  the  disease  may  be  described  as  being 
slowly  progressive ;  there  were  periods  when  she  would  be  very  ill. 
These  periods  would  be  followed  by  intervals  w4ien  she  would  feel 
much  better.  As  time  went  on,  the  acute  stages  became  longer  and 
the  improvement  less  marked.  The  loss  of  weight  was  constant.  The 
transfusions  evidently  helped  her,  but  the  effect  was  not  lasting. 


6.  Pusey,  W.  A.:    J.  A.  M.  A.  38:166  (Julv  18)    1902. 

7.  Williams.  F.  H. :    Boston  M.  &  S.   T.  147:365,  1902. 

8.  Childs.  B.  C:    Med.  News  4:143,  1903. 

9.  Finch.  C  B.:    J.  Cutan.  Dis.  including  Svph.  21:562,  1903.     Finch,  C.  B.: 
Med.  Rec.  65:773   (Mav   14)    1904. 

10.  Pfeififer,  C.  P.:    Beitr.  z.  klin.  Chir.  50:262,  1906. 

11.  Hocguertel,  J.  M. :    Fortschr.  a.  d.  g.  der  Roentgenstrahlen  21:638,  1913. 

12.  Krecke,  A.:    Beitr.  z.  klin.  Chir.  95:609,   1914. 

13.  Sanguinetti,  H.  H. :    Univ.  Med.  Rec,  Lond.  6:299.  1914. 

14.  Holding.  H.  F.:    Ann.  Surg.  65:686.   1917. 

15.  Levin,  Isaac:    Med.  &  Surg.  1:411.   1917. 

16.  Knox.   Robert:    Radiotherapv   and    Radiotherapeutics   Jl:475.    1919. 

17.  Mueller,  T. :    J.  M.  Research  42:325,   1921. 
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Fever. — When  first  seen,  she  ran  an  intermittent  temperature  similar 
to  that  described  by  Ebstein/*  Alurchison,^^  Pel,-'^  Ziegler  ^^  and 
Musser  -  (Charts  1  and  2).  Then  for  varying  intervals,  there  would 
be  no  fever,  and  after  a  while  the  recurrent  type  would  reappear. 
During  the  last  admission  the  recurrent  type  was  the  rule  (Charts  3 
to  1 1  j .  The  temperature  was,  apparently,  affected  by  the  roentgen  ray 
and  the  transfusions,  but  it  is  doubtful  if  either  of  these  measures 
had  any  real  effect  on  the  course  of  the  fever.  Although  she  had 
been  having  a  high  fever  for  almost  a  month  just  before  she  died,  on 
other  occasions  she  had  just  as  high  a  temperature  and  it  lasted  for 
a  similar  period  (Chart  6). 

Blood  Counts. — The  blood  examination  is  interesting  because  the 
picture  resembled  that  described  by  Bunting  --  in  Hodgkin's  disease. 
There  usually  was  an  increase  in  the  white  blood  cells  during  the  first 
admission,  the  total  count  was  as  high  as  12,000.  The  large  mononuclear 

TABLE  1. — Effects  of  Tr.\xsfusions 


Trimsfcsion 


C.c. 


First 450 

Second 400 

Third 350 

Fourth 300 

Fifth 300 

Sixth 300 

Seventh 300 

Eighth 30O 

Ninth 250 


Red  Blood  Cells 

Hemoglobin,  per  Cent. 

Before 

After 

Before 

After 

s.goo.ooo 

4,500,000 

65 

70 

3,100,000 

3,700,000 

50 

65 

2,'70O,00O 

3,600,000 

50 

55 

2,600,000 

3,200,000 

40 

40 

3,600,000 

4,600,000 

40 

60 

3,500,000 

3,100,000 

60 

60* 

1,800,000 

2,200,000 

40 

50 

4.500,000 

Not  done 

75 

1,700,000 

35t 

*  Not  taken  immediately  after  transfusion. 
t  The  patient  died  the  next  day. 

cells  and  transitionals  were  increased.  The  platelets  were  always 
increased,  running  as  high  as  570,000,  even  after  many  treatments 
with  the  roentgen  rays. 

Later  the  white  cells  were  reduced  as  low  as  2,200.  This  was 
thought  to  be  due  to  the  effect  of  the  irradiation  and  on  this  account 
the  treatment  was  stopped. 

The  anemia  was  progressive  and  very  marked  toward  the  end  of  the 
illness.  During  the  first  year,  the  red  cells  numbered  as  high  as 
4,800,000,  with  81  per  cent,  hemoglobin.  The  anemia  increased  until 
a  few  days  before  death,  when  the  red  cells  numbered  1,700,000,  and 
the  hemoglobin  was  35  per  cent. 

Tlie  effects  of  the  transfusions  are  shown  in  Table  1. 


18.  Ebstein,   W. :    Berl.  klin.  Wchnschr.  24:565.   1887. 

19.  Murchison,  C. :    Tr.  Path.  Soc.  Lond.  24:372.  1870. 

20.  Pel.   P.  K.:    Berl.  klin.  Wchnschr.  24:644.   1887. 

21.  Ziegler:    Die   Hodgkinsche   Krankheit.   Jena,   G.   Fisher,   1911. 

22.  Buntmg,  C.  H. :    Tr.  Assn.  Am.  Phvs.  26:435,  1911:  Bull.  Johns  Hopkins 
Hosp.  25:173,   1914. 
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It  is  unfortunate  that  the  data  are  not  more  complete.  However, 
they  show  that  the  transfusions  had  a  beneficial,  if  temporary,  effect  on 
the  red  cells  and  the  hemoglobin.  It  is  very  difBcult  to  account  for  the 
change  between  the  seventh  and  eighth  transfusions.  The  increase 
of  more  than  2,000,000  cells,  and  of  25  per  cent,  in  the  hemoglobin 


TABLE  2.— 

Blood 

Counts 

a 

T3 

0 
0 

a 
ll 

•0 
0 

5 

6 

0  C3  « 

i£  a 

.-  5) 

a  a 

p.* 

Hi 

6 

2  <a  0) 

es 

0  a 

n 

I 

2 

M-t 

S3 

MO 

ll 

m 

0^ 

§.20 

0  a  a 

oO 
.St, 

Small 
phoc: 
perC 

Large  '. 
micle 
per  C 

.•^0 

a 
S 

' 

19U 

1 

3/7 

4090,000 

60 

10,000 

75 

1 

24 

4,000,000 

74 

12,800 

74 

11/28 

4,880,000 

81 

10,000 

75 

25 

1915 

3/  1 

4,540,000 

8,140 

71 

0.5 

5.5 

14 

9 

11/14 

4,430,000 

85 

9,500 

75.5 

1.5 

0.5 

14.5 

•• 

i.h 

1919 

1/15 

4,470,000 

50 

5,000 

79 

2.0 

23 

3 

0/  4 

3,800,000 

65 

3,800 

72 

i" 

3.0 

21 

3 

()/18 

450 

6/20 

4,450.000 

70 

4.300 

74 

2.0 

13.0 

10 

1 

496,000 

6/24 

4,400,000 

80 

1,200 

74 

2.0 

8.0 

9 

7" 

7/23 

3,900,000 

73 

5.70O 

9/10 

6,800 

67 

10 

20 

3 

9/16 

3,166,066 

56 

5.G0O 

1 

9/17 

466 

1 

9/19 

3,700,000 

65 

9^200 

80.5 

0.5 

18.5 

0.5 

f 

9/22 

3,300.000 

60 

5,200 

77 

0.5 

20.5 

0.5 

1.5 

9/30 

4,300,000 

65 

6,800 

8S 

2 

' 

10 '15 

2,700,000 

50 

6,400 

85 

io' 

'4 

i 

i 

10/16 

350 

1 

10/20 

3,640,000 

55 

1 

11/12 

3,870,000 

60 

1 

12/11 

3,840,000 

60-70 

10,000 

79.6 

0.2 

0.2 

3.0 

34 

13.6 

340,000 

1920 

1/12 

2,600,000 

40 

4,700 

1/14 

366 

1/17 

3,240.000 

40 

2/  4 

3,200,000 

2/11 

3,700 

77 

0.4 

1.2 

8.8- 

2.4 

9.4 

520,000 

3/13 

3,266,'666 

50 

3/16 

2,200 

4/2 

3,'666,666 

46 

4/  2 

366 

4/8 

4,640,000 

60 

3,600 

55 

1 

44 

1 

5/n 

3,500,000 

60-70 

6,000 

55 

i" 

1 

43 

5/12 
6/18 

366 

9,200 
6,000 

78.4 
71.2 

0.8 

0 

3 
0.2 

13 
14.2 

0 
1.2 

4.8 
5.6 

570,000 
520  JXX)* 

6/27 

7/22 

3,100,000 

60 

5,700 

71 

8 

21 

8/  5 

1,800,000 

40 

6,050 

8/  5 

300 

8/  6 

2,300,000 

50 

3,200 

8 '10 

3,030,000 

60 

4,200 

8/27 

4,500,000 

75 

7,900 

72 

28 

8/27 

360 

9/23 

1,750,000 

35 

5,600 

9/24 

1  250 

*  Uc 

class 

fled,  7.6. 

seems  rather  improbable,  especially  as  the  patient  did  not  seem  to  be 
any  better.  It  is  impossible  to  exclude  the  possibility  of  a  technical 
error. 

Symptoms  and  Physical  Signs. — The  blood   pressure  was  always 
low,  even  in  the  early  part  of  the  disease  when  the  patient  was  up 
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and  about.  This  has  been  observed  in  Hodgkin's  disease  before 
(Longcope  and  McAlpin^^),  and  is  of  interest  but  probably  not  of 
any  great  importance. 

Hydrothorax :  It  was  necessary  to  aspirate  the  chest  four  times 
during  the  last  admission.  This  condition  is  frequently  found  in  Hodg- 
kin's disease,  and  has  been  mentioned  by  Ziegler,^^  Edsall,-'*  Lemon  and 
Doyle,-^  and  by  Longcope  and  McAlpin.^*'  It  is  probably  due  to  involve- 
ment of  the  pleura.  The  chest  was  aspirated  three  weeks  before  death, 
and  at  the  postmortem  examination  the  left  pleural  cavity  contained 
400  c.c.  of  straw  colored  fluid. 

Abdominal  Symptoms. — For  several  months  before  death,  the 
patient  complained  of  pain  in  her  right  side,  and  in  this  region  a  large 
mass  was  readily  palpated.  It  was  supposed  to  be  the  spleen,  and  the 
pain  was  attributed  to  a  perisplenitis.  The  necropsy  showed  the  spleen 
to  be  only  slightly  enlarged  (weight  200  gm.),  but  there  was  a  large 
mass  made  up  of  infiltrated  fat  and  intestinal  wall  that  had  been 
mistaken  for  the  spleen. 

About  fifteen  months  before  death,  the  patient  began  to  complain  of 
abdominal  pain.  During  these  attacks  the  abdomen  would  become 
distended.  Relief  was  obtained  by  various  therapeutic  measures,  such 
as  lavage,  cathartics  (in  the  early  stages)  and  edemas.  At  first  these 
attacks  were  of  short  duration  and  not  very  serious,  but  during  the  last 
few  weeks  they  became  a  great  problem.  Finally,  it  was  deemed 
advisable  to  operate,  although  the  patient  was  an  extremely  poor 
surgical  risk.  Before  this  was  done,  an  enema  was  given  in  the  "knee 
chest"  position,  with  satisfactory  result.  The  relief  was  only  temporary 
and  in  a  few  days  the  symptoms  returned.  The  patient  was  in  great 
distress,  requiring  sedatives.  She  became  very  weak,  did  not  react  to 
stimulants  and  died. 

RESUME 

1.  The  diagnosis  of  Hodgkin's  disease  of  the  mesenteric  lymph  nodes 
was  made  six  and  one  half  years  before  death.  The  patient  was  under 
observation  from  the  time  the  diagnosis  was  made  until  she  died. 

2.  The  temperature  at  times  was  of  the  recurrent  type,  described  by 
Ebstein,^®  Murchison,"  Pel  ^"  and  Ziegler.^' 

3.  The  blood  picture  closely  resembled  that  described  by  Bunting.^^ 

4.  The  blood  pressure  was  very  low,  even  when  the  patient  was  first 
admitted  (Longcope  and  McAlpin^^). 


23.  Longcope,  W.  T..   and   McAlpin.  K.   R. :    Oxford   Med.  4:20. 
24;  Edsall.  D.  L. :    New  York  M.  J.  82:838,  1905. 

25.  Lemon,  W.  S.,  and  Doyle:    Am.  J.  M.  Sc.  172:516,  1921. 

26.  Longcope,  W.  T.,  and  McAlpin,  K.  R. :    Oxford  Med.  4:17. 
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5.  Although  the  spleen  was  thought  to  be  very  much  enlarged  during 
life,  at  necropsy  it  was  found  to  be  only  a  trifle  larger  than  normal. 
Apparently  a  mass  of  infiltrated  fat  and  intestinal  wall  had  been  mis- 
taken for  the  spleen. 

6.  The  hydrothorax  that  required  paracentesis  is  not  unusual  in  this 
disease,  and  is  probably  due  to  involvement  of  the  pleura.  Cases  have 
been  described  by  Lemon  and  Doyle,^^  Ziegler,^^  Longcope  and 
McAlpin.26 

7.  Because  of  the  advanced  stage  of  the  disease  when  the  diagnosis 
was  made,  it  is  safe  to  say  that  the  roentgenotherapy  slowed  the  process 
but  in  no  sense  cured  the  condition. 

8.  Death  was  due  to  perforation  of  the  intestine.  This  is  believed 
to  be  very  unusual  in  Hodgkin's  disease. 

9.  Unusual  pathologic  findings  are :  Extensive  involvement  of  the  \ 
peritoneum  and  abdominal  viscera ;  the  tendency  to  regional  invasive-  | 
ness;  atypical  giant  cells  and  the  scarcity  of  eosinophils. 


We  are  deeply  indebted  to  Dr.  Warfield  T.  Longcope  and  Dr.  A.  M.  Pappen- 
heimer  for  suggestions  and  advice. 


EXPERIMENTAL     REPRODUCTION     OF     THE     SPECIFIC 
HISTOPATHOLOGY     OF     INFLUENZA* 

GEORGE    BAEHR.    M.D..    and    LEO    LOEWE,    M.D. 

NEW    YORK 

It  was  realized  rather  early  in  the  recent  pandemic  of  influenza  that 
by  the  time  patients  died  secondary  infections  with  various  pyogenic 
organisms  had  usually  taken  place,  which  more  or  less  completely  obliter- 
ated evidences  of  the  original  disease.  From  numerous  bacteriologic 
studies,  it  was  evident  that  the  bacteria  recovered  from  the  lungs  after 
death  had  secondarily  invaded  the  damaged  organs  from  the  upper 
respiratory  tract.  Traditional  belief  made  many  observers  reluctant  to 
assign  a  similar  role  to  the  B.  influenzae  of  Pfeiffer.  But  even  this 
organism  was  finally  relegated  to  a  secondary  role  by  work  such  as  that 
of  MacCallum,^  which  demonstrated  that  although  it  might  be  present  in 
a  large  percentage  of  the  lungs  of  persons  dying  of  the  disease  in  one 
part  of  the  country,  the  bacillus  of  Pfeiffer  was  correspondingly  rare 
in  the  lungs  in  other  parts  of  the  country  where,  at  the  time,  it  happened 
to  be  a  less  frequent  resident  of  the  upper  respiratory  tract. 

Such  advances  in  our  knowledge  of  the  bacteriology  of  the  disease 
immediately  concentrated  the  eflforts  of  pathologists  on  an  attempt  to 
differentiate  the  secondary  purulent  from  the  primary  fundamental 
lesions  of  epidemic  influenza.  The  best  work  in  this  country  (Klotz;^ 
Winternitz,  Wason  and  MacNamara^)  kept  this  aim  constantly  in 
view,  as  did  the  best  of  the  European  observers  ( Oberndorter.* 
Dietrich,^  Glaus  and  Fritzche,®  Marchand,"  Soerensen,^  Koopman^). 
Some  of  these  authors  (Klotz,  Oberndorfer,  Glaus  and  Fritzsche, 
Koopman)  had  the  unusual  opportunity  to  study  fulminating  cases  of 
the  disease  in  persons  who  had  died  within  forty-eight  hours  after  the 
onset,  before  the  secondary  infection  had  sufficiently  invaded  the 
damaged  lung  to  obscure  the  primary  pathological  picture. 


*  From  the  Pathological  Department  of  the  Mount  Sinai   Hospital. 

*  Work  done  during  the  tenure   of  a   George   Blumenthal,   Jr.  fellowship   in 
pathology. 

1.  MacCallum:    J.  A.  M.  A.  72:720  (March  8)    1919. 

2.  Klotz:  Studies  on  Epidemic  Influenza.  Published  from  University  of  Pitts- 
burgh School  of  Medicine,  1919,  p.  207. 

3.  Winternitz,  Wason  and  MacNamara :    The  Pathology  of  Influenza,  Yale 
University  Press,  1920. 
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49:72.  1919. 
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Specificity  of  the  Histopathology  of  Early  Human  Influenza. — - 
Summarizing  the  work  of  these  authors,  one  is  impressed  with  the 
unanimity  of  their  opinion  that  the  pathologic  process  in  early  human 
influenza  represents  a  specific  tissue  reaction,  not  to  be  seen  in  the  lungs 
in  any  other  type  of  infection.  In  fact,  Winternitz  and  his  collabor- 
ators state  in  their  monograph  :  "The  histology  of  this  disease  is  almost 
as  specific  as  that  of  any  biologic  reaction." 

The  essential  features  of  the  pathologic  lesions  in  early  human, 
influenza  are  (1)  congestion,  edema  and  often  minute  hemorrhages  in 
the  mucous  membrane  of  the  trachea  and  larger  bronchi ;  (2)  patchy 
distribution  of  the  pulmonary  lesions;  (3)  dififuseness  of  the  process, 
which  often  extends  through  several  lobes  or  even  parts  of  all  lobes ; 
(4)  profuse  serosanguinous  exudate  which  drips  from  the  moist  cut 
surface  of  involved  parenchyma;  (5)  hemorrhagic  character  of  the 
lesion,  the  hemorrhagic  exudate  being  seen  microscopically  to  infiltrate 
the  interstitial  tissue  and  fill  patches  of  alveoli ;  (6)  aplastic  char- 
acter of  the  process,  the  inflammatory  exudate  in  alveoli  and  inter- 
alveolar  interstitial  tissue  being  composed  almost  entirely  of  red  cells 
and  serum  with  an  occasional  endothelial  cell  but  containing  astonish- 
ingly few  polymorphonuclear  or  other  leukocytes.  In  addition,  Klotz 
directed  special  attention  to  the  tendency  to  emphysematous  overdis- 
tension of  alveolar  air  spaces  in  the  involved  lungs ;  and  W^internitz  also- 
emphasized  the  tendency  to  necrosis  of  the  epithelium  lining  the  trachea 
and  bronchi  and  to  hyalin  necrosis  of  pulmonary  tissue,  especially  of 
interalveolar  septa  in  the  damaged  areas.  One  of  us  had  considerable 
experience  with  the  study  of  this  unusual  type  of  pulmonary  inflam- 
matory process,  w^hile  serving  during  the  pandemic  as  director  of 
laboratories  for  the  group  of  U.  S.  Army  Base  Hospitals  at  Beau  Desert 
Hospital  Center,  France. 

Experimental  Reproduction  of  Influenza. — Just  as  advances  in  bac- 
teriology during  the  first  year  of  the  pandemic  (1918)  were  in  large 
part  responsible  for  a  more  accurate  conception  of  the  pathologic 
phenomena  involved  in  influenza,  so,  in  similar  manner,  the  more  recent 
bacteriologic  investigations  of  Olitsky  and  Gates  "  and  of  Loewe  and 
Zeman  ^^  have  afiforded  renewed  opportunities  for  a  study  of  the- 
essential  features  of  this  pathologic  process.  Independently  of  one 
another  and  simultaneously,  these  two  groups  of  investigators  succeeded 
in  cultivating  a  filtrable  virus  from  the  nasopharyngeal  washings  made 
early  in  the  course  of  the  influenza,  w^hich  is  capable  of  producing" 
lesions  in  the  lungs  of  rabbits,  grossly  and  microscopically  identicat 
with  those  found  in  human  beings  suffering  from  the  disease. 


10.  Olitsky  and  Gates:    T.   Exper.  M.  33:125.  1921. 

11.  Loewe  and  Zeman:    j.  A.  M.  A.,  76:986   (April  9)    1921. 
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We  have,  therefore,  undertaken  to  study  more  minutely  the  patho- 
logic process  induced  experimental  in  these  animals  by  the  intra 
tracheal  inoculation  of  cultures  of  these  punctiform,  tiltrable  bodies 
and  of  influenza  virus  (filtered  human  nasopharygeal  washings  or 
lungs  from  inoculated  animals).  In  this  manner  we  have  been  able  to 
observe  the  lesions  at  the  very  earliest  stages  of  their  development,  an 


Fig.  1. — Section  from  portion  of  lung  showing  minimal  amount  of  paren- 
chj'mal  damage.  Shows  (1)  emphysematous  overdistension  of  alveoli,  (2)  con- 
gestion, (3)  beginning  extravasation  of  red  blood  cells  into  the  alveoli,  (4) 
two  capillaries  cut  in  cross  section  which  are  widely  dilated  and  are  occluded 
by  blood  platelet  thrombi.     (X400.) 

opportunity  obviously  impossible  in  human  beings.  And  this  oppor- 
tunity has  enabled  us,  we  believe,  to  throw  more  light  upon  the  patho- 
genesis of  the  di.sease. 

Materials  employed. — Four  series  of  rabbits  w'ere  inoctilated  intra- 
tracheally  with  the  following  materials  : 

(1)  Human  nasopharyngeal  washings:  In  the  first  series,  animals 
were   inoculated   with   nasopharyngeal   washings    from   early   cases   of 
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influenza.  These  washings  were  obtained  in  the  manner  described 
elsewhere,^ ^  within  twenty- four  hours  after  the  onset  of  the  first  symp- 
toms of  illness,  and  they  were  then  carefully  filtered  under  strict  sterile 
precautions  through  Berkefeld  filters  size  N  or  Mandler  filters  of  cor- 
responding density.  The  filters  were  always  tested  with  B.  prodigiosus. 
The  filtered  nasopharyngeal  washings  were  then  cultured  aerobically 
and  anaerobically  in  ordinary  laboratory  mediums  and  found  to  be  free 
of  contaminations.  Inoculations  were  also  made  on  the  so-called  choc- 
olate agar  medium  in  order  to  eliminate  the  possible  presence  of  B. 
inflcnsae  of  Pfeififer  or  other  hemoglobinophilic  organisms.  From  1 
to  3  c.c.  of  the  clear  filtrate  were  used  for  the  intratracheal  inoculations, 
the  material  being  introduced  in  the  manner  subsequently  to  be  described. 

(2)  Filtrates  of  glycerolated  lungs  of  inoculated  animals:  In  a 
second  series,  the  injected  material  consisted  of  the  lungs  of  animals  in 
series  one  and  three,  which  had  been  glycerolated  for  a  variable  period 
(from  one  week  to  fourteen  months)  and  then  filtered  through  Berke- 
feld or  Mandler  filters.  The  lungs  were  removed  in  sterile  fashion 
from  the  animals  within  from  thirty-six  to  forty-eight  hours  after 
inoculation  and  were  not  further  utilized  unless  found  to  be  free  of  all 
secondary  invading  organisms.  Glycerolation  was  often  employed  as 
an  added  precaution  as  it  did  not  seem  to  affect  the  virulence  of  the 
material  appreciably. 

(3)  Cultures  of  the  punctiform  bodies.  In  the  third  series,  the 
rabbits  were  inoculated  intratracheally  with  cultures  of  the  minute 
punctiform  filtrable  bodies  isolated  by  Loewe  and  Zeman.  Most  of 
the  cultures  were  obtained  from  the  filtered  nasopharyngeal  washings 
of  early  cases  of  influenza,  persons  in  the  first  twenty-four  or  thirty- 
six  hours  of  their  illness.  Other  cultures  were  derived  from  the  lungs 
of  animals  which  had  originally  been  inoculated  intratracheally  with 
the  filtered  nasopharyngeal  washings  of  early  human  cases  of  influenza. 
And  a  third  group  of  cultures  employed  was  recovered  from  the  lungs 
of  animals  in  which  the  experimental  disease  had  been  produced  by  the 
inoculation  of  cultures  isolated  from  such  nasopharyngeal  washings. 

One  interesting  feature  of  this  third  series  of  experiments  is  that 
the  cultures  of  this  filtrable  virus,  after  being  kept  at  incubator  temper- 
ature for  fourteen  months,  were  not  only  found  to  be  still  viable,  but 
also  retained  their  unique  pathogenic  properties.  Similarly,  the  lungs 
of  animals  in  which  the  disease  had  been  produced  by  intratracheal 
inoculation  of  human  nasopharyngeal  washings  could  be  preserved  in 
50  per  cent,  glycerol,  and  after  fourteen  months  the  glycerolated 
material  was  viable  and  also  retained  an  almost  imdiminished 
infectivity. 

(4)  Control  experiments :  The  fourth  series  of  experiments  served 
as  controls  to  series  one.  two  and  three.  The  inoculated  materials  in 
this  series  consisted  of  the  following: 
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(a)  Culture  medium:  ascitic  fluid  containini^  kuluey  tissue  and 
layered  with  petrolatum,  which  had  not  been  inoculated  but  had  been 
incubated  at  37  C.  simultaneously  with  the  inoculated  cultures  for  vary- 
ing periods  of  time  up  to  fourteen  months. 

(b)  Berkefeld  filtrates  of  glycerolated  lungs  of  rabbits  succumbing 
to  intercurrent  laboratory  infections  or  to  the  intratracheal  inoculation 
of  various  pyogenic  organisms. 

(c)  Filtrates  of  nasopharyngeal  washings  obtained  in  the  customary 
manner  from  patients  suffering  with  diseases  other  than  influenza. 
Surgical  cases  were  preferred  to  rule  out  possible  contact  infection. 

(d)  Cultures  of  Staphylococcus  aureus.  Streptococcus  Jicmolyticus, 
Streptococcus  anhcmolyticns.  pneumococcus  and  Bacillus  hipolaris 
(distemper). 

(e)  Cultures  of  B.  influenzae  of  Pfeiffer  which  were  derived  from 
various  sources  such  as  (1)  nasopharynx  of  normal  individuals;  (2) 
cerebrospinal  fluid  of  influenzal  meningitis;  (3)  nasopharynx,  sputum 
and  lungs  of  persons  sufl^ering  from  influenza  during  the  pandemic.^^ 

Technic  of  Inoculation. — The  rabbit,  having  been  lightly  anesthetized 
with  ethyl  chlorid,^^  from  1  to  3  cc.  of  culture  or  other  material 
was  inoculated  intratracheally.  In  a  few  experiments  this  was  accom- 
plished by  passing  a  fine  rubber  catheter  into  the  trachea  in  the  manner 
of  the  Meltzer-Auer  method  of  intratracheal  insufflation.  It  was 
found  to  be  more  satisfactory  to  inject  the  material  directly  through 
the  tracheal  wall  by  means  of  a  fine  needle  and  syringe,  after  previous 
removal  of  the  hair  with  barium  sulphide  and  sterilization  of  the  skin 
with  tincture  of  iodin.^*  The  animals  immediately  recovered  from  the 
very  transient  anesthesia  and  presented  no  evidence  of  any  distress. 

Symptoms  of  Illness. — Often  the  first  evidences  of  illness  made 
their  appearance  within  a  few  hours  after  the  inoculation.  Within 
twenty-four  hours,  the  animals  appeared  to  be  severely  ill,  their  move- 
ments were  less  active,  breathing  was  more  rapid,  and  the  conjunctivae 
were  injected.  Over  both  sides  of  the  chest,  the  stethoscope  elicited 
numerous  moist  rales  and,  in  some  animals  a  distinct  expiratory,  asth- 
ma-like wheeze. 

Leukopenia. — Simultaneous  with  the  development  of  these  symp- 
toms, there  appeared  a  pronounced  leukopenia,  the  number  of  leuko- 
cytes in  the  blood  at  times  decreasing  from  50  to  60  per  cent,  within 


12.  For  many  of  the  strains  we  are  indebted  to  Dr.  William  H.  Park  of  the 
Research   Laboratory  of  the   New   York   City   Board   of  Health. 

13.  Ethyl  chlorid  was  employed  owing  to  the  ease  and  rapidity  with  which 
a  light  anesthesia  could  be  induced.  It  was  proven  that  this  volatile  drug  as 
used  was  incapable  of  producing  any  structural  changes. 

14.  Direct  intratracheal  inoculation  was  performed  with  18-gage  needles 
connected  to  5  cc.  Luer  syringes.  Entrance  into  the  trachea  was  indicated  by 
the  easy  withdrawal  of  air  upon  elevating  the  plunger  of  the  syringe. 
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forty-eight  hours.  The  leukopenia  was  present  in  every  instance  after 
the  inoculation  of  either  active  influenza  virus  (filtered  lungs  or 
nasopharyngeal  washings),  or  cultures  obtained  from  the  virus.  It 
was  never  encountered  in  animals  inoculated  with  pyogenic  organisms 
or  with  B.  influenzae  of  Pfeiffer;  on  the  contrary,  even  the  latter 
regularly  induced  a  definite  hyperleukocytosis. 


Fig.  2. — Section  showing  an  occluded  arteriole  and  its  tributary  capillaries 
cut  longitudinally.  The  outlines  of  the  blood  platelets  comprising  the  thrombus 
can  be  made  out,  even  with  this  magnification.  Although  the  thrombus  con- 
tains a  few  polymorphonuclear  and  mononuclear  leukocytes,  the  cellular  forms 
of  inflammatory  exudate  are  conspicuously  absent  in  the  alveolar  air  spaces 
and  interalveolar  tissue.  In  this  microscopic  field  the  alveolar  spaces  contain 
serum  and  red  blood  cells,  whereas  in  other  portions  of  the  same  section  the 
interstitial  tissue  is  the  more  extensively  infiltrated  with  the  aplastic  sero- 
sanguineous   exudate.      (X400. ) 


Secoudary  hizvsion  zcitli  Pyogenic  Organisms. — At  the  very  begin- 
ning of  the  work,  it  was  immediately  observed  that  animals  which  were 
permitted  to  live   longer  than   from   fortv-eight  to  seventv-two   hom-s 
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after  the  onset  of  the  disease  usually  developed  various  types  of 
secondary  infection  within  their  damaged  lung  parenchyma.  Exactly 
as  in  human  influenza,  the  primary  process  then  became  obscured  by 
complicating  lesions  such  as  pneumonic  consolidations,  abscesses, 
empyema,  etc.,  from  which  various  pyogenic  organisms  could  be 
isolated.  Simultaneous  with  the  onset  of  this  secondary  bacterial 
invasion,  the  leukopenia  rapidly  gave  way  to  a  hyperleukocytosis. 

It  was  therefore  necessary  to  confine  the  study  to  the  lungs  of  rabbits 
which  were  sacrificed  ^^  within  from  twenty- four  to  forty-eight  hours 
after  the  inoculation.  The  following  observations  therefore  represent 
the  earliest  lesions  of  the  experimental  disease,  at  a  time  when  cultures 
from  the  damaged  lung  were  negative — except  the  filtrable  organisms 
described  by  Olitsky  and  Gates  and  by  Loewe  and  Zeman. 

Gross  Pathology. — The  lungs  are  usually  voluminous  and  present 
a  striking  picture  of  acute  emphysema.  Although  the  process  is  often 
bilateral,  usually  one  lung  or  parts  of  a  lung  are  more  extensively 
involved.  The  normal  pale  yellowish  gray  surface  of  the  organ  is 
mottled  with  deep  pink  in  large  diffuse  areas.  Here  and  there  in  these 
pink  areas  are  small  hemorrhagic  foci,  usually  diffuse  in  outline. 

A  frothy  edema  fluid  is  often  present  in  large  quantity  in  the  lumen 
of  the  trachea  and  larger  bronchi.  The  mucous  membrane  of  the  latter 
regularly  shows  intense  congestion  and  edematous  swelling  and  is  often 
stippled  with  minute  hemorrhagic  points. 

On  section  of  the  lungs,  no  areas  of  firm  consolidation  are  dis- 
coverable. The  large  pink  areas  appear  to  be  chiefly  the  site  of  an 
intense  congestion  and  edema,  so  that  the  cut  surface  drips  a  blood 
stained  fluid.  Within  the  confines  of  the  pinkish  lung  tissue  there  are 
areas  of  swollen  lung  parenchyma  of  a  deeper  red  which  present  the 
appearance  of  red  jelly,  but  are  compressible  and  moist.  Often  the 
affected  portion  of  a  lobe  is  a  deep  pink  at  the  periphery,  shading  to 
a  darker  red  at  the  hilus.  In  these  red  areas,  some  small  dark  hemor- 
rhages, pinpoint  to  pinhead  in  size,  are  frequently  discernable.  Between 
the  areas  of  involved  parenchyma,  the  lung  presents  merely  an  intense 
emphysema. 

Microscopic  Picture. — On  microscopic  examination,  the  salient 
feature  of  the  pathologic  process  are:  (1)  congestion  and  edema  and 
occasional  small  hemorrhages  in  the  tracheal  mucosa ;  (2)  small  hemor- 
rhages into  the  walls  of  bronchi  and  the  presence  of  red  blood  cells  in 
the  bronchial  lumen;  (3)  emphysematous  overdistension  of  alveolar 
air  spaces ;  (4)  congestion,  and  in  many  places,  edema  of  areas  of  lung 
parenchyma  both  interstitial  and  interalveolar ;  (5)  hemorrhagic  extra- 


15.  The   animals   were   killed   by   a   single   sharp   blow   over   the    suboccipital 
region.     Death  was  instantaneous. 


\ 
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vasations  into  the  interstitial  tissue  of  the  alveolar  walls  with  a  great 
tendency  for  the  hemorrhage  to  break  into  the  alveolar  air  spaces, 
filling  smaller  or  larger  groups  of  them  with  red  blood  cells;  (6) 
absence  of  ordinary  cellular  inflammatory  exudate;  (7)  occlusion  of 
numerous  interalveolar  and  interstitial  capillaries  and  arterioles  by  blood 
platelet  thrombi.  Except  for  the  vascular  lesions,  all  the  other  phe- 
nomena were  also  observed  by  Olitsky  and  Gates  in  their  experimental 
animals. 


Fig.  3. — Section  showing  dilated  and  branching  capillary  occluded  by  blood 
platelet  thrombus.  The  endothelial  cells  of  the  capillary  wall  are  swollen  and 
at  several  sites  can  be  seen  to  have  undergone  proliferation.     (X400.) 

The  changes  in  the  tracheal  and  bronchial  mucosa  occur  with  great 
regularity.  Similarly,  the  tendency  to  emphysematous  overdistension 
of  the  alveolar  air  spaces  seems  to  be  a  characteristic  phase  of  the 
pathologic  process.  It  is  to  be  seen  in  parts  of  the  lung  parenchyma 
which  show  as  yet  no  evidences  of  edema  or  of  hemorrhagic  extravasa- 
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tion.  It  is  not  caused  by  the  mechanical  presence  of  the  injected 
material  within  the  respiratory  tract,  for  by  the  time  the  first  symptoms 
of  illness  appear  in  the  inoculated  animals  (six  or  more  hours  after  the 
injection)  the  inoculated  fluid  is  undoubtedly  entirely  absorbed.  The 
cause  is  more  likely  to  be  the  narrowing  of  the  bronchial  lumina  due  to 
congestion  and  edematous  swelling  of  the  lining  mucosa.  The  presence 
of  the  profuse  frothy  mucoserous  fluid  within  the  lumen  of  the 
bronchial  tree,  also  probably  contributes  to  the  respiratory  difficulty. 
The  development  of  these  changes  in  the  bronchi  is  coincident  with  the 
onset  of  asthma-like  breathing  and  the  presence  of  numerous  moist 
rales  on  auscultation  of  the  chest  of  afifected  animals. 

Congestion  of  the  lung  parenchyma  is  usually  patchy  in  distribution, 
as  is  the  edema.  In  large  and  small  areas,  both  the  interalveolar  tissue 
and  the  lumina  of  alveoli  are  filled  with  serum.  Similarly,  the  hem- 
orrhagic extravasations  are  patchy  in  distribution  and  involve  the 
interalveolar  connective  tissue  as  well  as  the  lumina  of  alveoli.  These 
changes  correspond  with  considerable  accuracy  to  the  lesions  found  in 
the  lungs  in  the  earliest  human  cases  of  influenza. 

Blood  Platelet  Capillary  Thrombi. — The  minute  intracapillary  blood 
platelet  thrombi  constitute  a  significant  and  conspicuous  feature  of 
most  of  the  experimental  material  that  has  thus  far  been  studied.  They 
have  been  found  in  the  lungs  of  animals  that  were  killed  shortly  after 
the  development  of  the  first  manifestation  of  illness,  and  probably 
precede  and  are  in  part  responsible  for  some  of  the  features  of  the 
pathologic  picture. 

The  occluded  capillary  loops  are  always  widely  dilated ;  the  lining 
endothelium  is  swollen  and  often  shows  beginning  proliferations;  the 
lumen  is  occupied  by  a  mass  of  blood  platelets,  scattered  through  which 
are  sometimes  a  variable  number  of  mononuclear  and  polymorpho- 
nuclear leukoc\1;es.  In  the  vicinity  of  such  an  obstructed  capillary  or 
minute  arteriole,  either  edema  or  interstitial  and  intra-alveolar  hem- 
orrhages are  usually  present.  But  similar  changes  can  sometimes  be 
seen  in  capillaries  within  areas  of  lung  parenchyma  which  show  as 
yet  merely  some  interstitial  congestion  and  emphysema.  The  lesion 
has  also  been  seen  in  the  mucous  membrane  of  the  trachea  of  these 
animals. 

Emulsions  and  filtrates  of  the  lungs  of  animals  showing  such  lesions 
have  induced  the  experimental  disease  when  injected  into  the  trachea 
of  other  animals.  The  virus  has  thus  been  passed  in  series  through 
several  transmissions  and  in  each  transmission  the  capillary  lesions 
have  been  seen.  They,  therefore,  probably  represent  an  essential  and 
characteristic  feature  of  the  pathologic  process  in  the  earliest  stages  of 
experimental  influenza. 
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Absence  of  Characteristic  Lesions  in  Control  Animals. — This  belief 
is  strengthened  by  the  fact  that  we  have  not  encountered  this  lesion  ot 
the  lung  capillaries  in  an  extensive  experience  with  human  and  animal 
pulmonary  diseases.  We  have  repeatedly  produced  pulmonary  infec- 
tions in  rabbits  by  the  intratracheal  inoculation  of  various  common 
pyogenic  organisms  such  as  the  Staphylococcus  aureus.  Streptococcus 


Fig.  4. — Peribronchial  arteriole.  The  lumen  of  the  small  bronchus,  which 
occupies  the  lower  half  of  the  field,  is  filled  with  red  bloods  cells.  The 
adjacent  arteriole  which  runs  parallel  to  the  long  axis  of  the  bronchus,  is 
occluded  with  a  blood  platelet  thrombus  containing  scattered  polymorphonuclear 
leukocytes.  The  endothelium  lining  the  arteriole,  more  especially  on  the  side 
adjacent  to  the  bronchioles,  is  very  evidently  in  the  process  of  proliferation. 
(X400.) 

hemolyticus ,  pneumococcus,  Bacillus  bipolaris  (distemper)  and  the  B. 
infliiensae  of  Pfeiffer,  and  have  never  seen  anything  remotely  suggest- 
ing it. 

Neither  the  capillary  thrombi  nor  any  of  the  other  features  of  the 
experimental  disease  could  be  produced  by  the  intratracheal  injection 
of  uninoculated  culture  material.         In  order  to  eliminate  the  possi- 
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bility  that  the  pulmonary  changes  in  our  experimental  animals  might 
be  due  to  a  purely  chemical  action  of  the  injected  ingredients,  the 
control  culture  mediums  were  employed  after  incubation  at  Z7  C.  for 
variable  periods  of  time  up  to  fourteen  months. 

Significance  of  the  Blood  Platelet  Capillary  Thrombi. — Changes 
similar  to  those  seen  in  capillaries  and  arterioles  in  our  animal  lungs 
have  also  been  described  in  the  earliest  stages  of  human  influenza  by 
Glaus  and  Fritzsche.  Siegmund,  Winternitz  and  Klotz.  They  have 
been  searched  for,  though  not  found,  by  Marchand,  Oberndorfer, 
Deitrich,  Koopman  and  others  who  have  also  studied  early  examples 
of  the  disease.  This  may,  in  part,  be  due  to  the  fact  that  in  their  human 
material  the  stage  of  secondary  infection  had  already  begun  with  its 
consequent  obscuring  of  the  primary  pathologic  lesions.  It  is  more 
probable,  however,  that  the  greater  frequency  with  which  the  capillary 
blood  platelet  thrombi  occur  in  our  experimental  material  is  due  to  the 
fact  that  a  much  greater  concentration  of  virus  is  introduced  into  the 
respiratory  passages  of  the  experimental  animal  than  is  responsible 
for  infection  in  human  beings. 

As  a  result  of  a  pathologic  study  of  two  fulminating  cases  of  the 
disease,  Oberndorfer  was  the  first  to  voice  the  belief  that  the  influenza 
virus  produced  a  primary  damage  on  the  intima  of  small  vessels.  A 
similar  viewpoint,  based  on  a  study  of  human  material,  has  been 
expressed  by  Dietrich.  Winternitz,  Klotz,  Glaus  and  Fritzsche,  and 
Soerenson. 

The  lesions  which  we  have  been  able  to  produce  experimentally  by 
means  of  influenza  filtrates  and  influenza  cultures  leave  little  room  for 
doubt  that  the  virus  possesses  a  peculiar  affinity  for  the  vascular 
endothelium.  Numerous  short  stretches  of  capillaries  and  arterioles 
become  widely  dilated,  apparently  due  to  a  complete  loss  in  their  normal 
tonus — and  through  their  walls  there  occurs  a  great  exudation  of  serum 
or  a  simultaneous  extravasation  of  serum  and  red  blood  cells,  which 
fills  the  interlobular  and  interalveolar  connective  tissue  spaces  and  the 
alveoli  in  more  or  less  sharply  limited  areas  of  vascular  distribution. 
The  blood  platelet  thrombi  which  become  deposited  in  some  of  these 
dilated  and  damaged  capillaries  and  arterioles  are  also  to  be  encountered 
occasionally  in  parenchyma  which  is  not  as  yet  involved  in  any  serous 
or  hemorrhagic  extravasation,  so  that  they  undoubtedly  also  represent  an 
expression  of  the  primary  damage  to  the  vascular  endothelium.  They 
are  certainly  not  secondary  to  the  other  parenchymal  changes. 

\\'internitz  laid  especial  emphasis  on  the  frequency  with  which 
necrosis  of  interalveolar  septa  occurs,  and  he  regarded  it  as  one  of  the 
characteristic  effects  of  the  disease.  In  the  experimental  material, 
necrosis  and  even  rupture  of  interalveolar  septum  was  occasionally 
encountered,  but  at  the  stage  of  the  process  at  which  the  study  was 
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necessarily  made,  this  was  not  as  yet  a  wide  spread  or  conspicuous 
phase  of  the  pathologic  picture.  In  one  of  the  fulminating  cases  of 
Glaus  and  Fritzsche,  which  probably  represented  a  stage  of  the  process 
somewhat  later  than  our  experimental  disease,  they  call  attention  to  the 
fact  that  though  the  necroses  are  numerous,  the  capillary  thrombi  are 
also  to  be  seen  outside  of  the  necrotic  areas.  "In  many  instances,"  they 
state,  "one  can  observe  how  the  necrosis  occurs  in  the  immediate 
proximity  of  these  thrombosed  vessels."  The  experimental  observations 
confirm  this  viewpoint  that  the  capillary  thromboses  precede  the  necrosis 
and  are  not  secondary  to  it. 

Aplastic  Character  of  the  Inflammatory  Exudate. — Perhaps  the  most 
striking  feature  of  the  microscopic  picture  in  our  experimental  material 
and  one  which  alone  serves  to  differentiate  it  from  any  other  type  of 
pulmonary  inflammatory  process  is  the  aplastic  character  of  the  alveolar 
as  well  as  interstitial  exudate.  An  occasional  proliferated  endothelial 
cell  is  encountered.  But  unlike  any  other  type  of  pulmonary  infec- 
tion, no  polymorphonuclear  or  other  leukocytes  are  seen  in  the  early 
stage  of  the  process.  The  exudate  consists  almost  wholly  of  serum  or 
of  serum  and  red  cells.  Although  other  pathologists  have  noted  this 
unique  feature  of  the  process  in  early  uncomplicated  human  influenza, 
Winternitz  and  his  co-workers  have  especially  emphasized  the  observa- 
tion that  "in  the  early  stage,  one  of  the  most  outstanding  features  is 
the  absence  of  polymorphonuclear  leukocytes  in  the  reactionary  process." 

As  soon  as  the  secondary  bacterial  invasion  occurs,  an  extensive 
leukocytic  invasion  rapidly  changes  this  phenomenon  and  thereby  com- 
pletely obliterates  the  specific  features  of  the  pathologic  picture.  In 
the  experimental  animals  such  a  transformation  was  observed  to  occur 
as  early  as  forty-eight  hours  after  the  onset  of  the  disease. 

Yet  even  before  this  occurs,  polymorphonuclear  leukocytes  are 
encountered  in  abnormal  numbers  within  the  blood  platelet  capillary 
thrombi.  At  a  time  when  the  alveolar  and  interstitial  exudate,  except 
for  red  cells,  is  still  absolutely  aplastic,  many  of  the  thrombi  in  occluded 
capillaries  and  arterioles  are  seen  to  be  invaded  by  occasional  pro- 
liferated endothelial  cells  and  by  polynuclear  leucocytes  in  fair  numbers. 
The  aplastic  nature  of  the  other  parenchymal  changes  would  indicate 
that  the  virus  of  influenza  does  not  possess  the  slightest  chemotactic 
property.  The  appearance  of  leukocytes  only  within  the  capillary 
thrombi  is,  therefore,  probably  initiated  by  the  positive  chemotaxis 
exerted  by  the  presence  of  the  damaged  endothelium  within  these  vessels. 
In  fact,  their  occurrence  solely  in  the  occluded  vessels  is  evidence  that 
damage  has  occurred  at  these  sites  and  indicates  that  this  damage,  and 
not  mere  mechanical  factors,  is  responsible  for  the  blood  platelet 
deposition. 
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Winternitz,  Wason  and  MacNamara  described  a  liemogeiieous  hyalin- 
like  necrosis  of  the  epithelium  Hning  the  trachea  and  bronchi,  and, 
mainly  for  this  reason,  they  likened  the  pathologic  picture  of  the  disease 
to  that  produced  by  the  poisonous  gases  employed  during  the  war.  We 
have  failed  to  observe  this  superficial  necrosis  in  our  experimental 
material,  as  have  most  other  pathologists  in  their  early  examples  of 
human  influenza.  Therefore,  we  feel  that  it  is  probably  caused  by  a 
combination  of  the  primary  damage  to  the  mucosa  and  the  secondary 
infection  and  that  it  represents  a  complication  rather  than  an  essential 
feature  of  the  primary  pathologic  process. 

SUMMARY 

The  following  pulmonary  lesions  were  produced  in  rabbits  by  the 
intratracheal  inoculation  of  Berkefeld  filtrates  of  nasopharyngeal  wash- 
ings from  early  cases  of  influenza  or  of  cultures  of  the  filtrable  puncti- 
form  bodies  cultivated  from  such  washings  by  Loewe  and  Zeman: 

( 1 )  Congestion,  edema  and  small  hemorrhages  in  the  mucous  mem- 
brane of  the  trachea  and  bronchi. 

(2)  Presence  of  a  profuse,  slightly  blood-tinged,  frothy,  serous  fluid 
in  the  lumen  of  the  bronchi. 

(3)  Diffuse  patchy  distribution  of  red,  jelly-like  lesions  throughout 
the  lungs. 

(4)  Intense  congestion  of  a  large  part  of  the  intervening  lung 
parenchyma  and  acute  emphysematous  overdistension  of  alveoli. 

(5)  Widespread  exudation  of  serum  and  extravasation  of  red  blood 
cells  from  the  vessels,  filling  interstitial  tissues  and  groups  of  alveolar 
air  spaces. 

(6)  Aplastic  character  of  this  exudate. 

(7)  Aneurysmal  dilatation  of  short  stretches  of  capillaries  and 
arterioles  and  sometimes  closure  of  the  lumen  of  these  vessels  at  these 
sites  by  blood  platelet  thrombi. 

(8)  Tendency  to  early  secondary  invasion  with  pyogenic  organisms, 
which  then  induce  a  rapid  purulent  infiltration,  thereby  completely 
obliterating  the  primary  and  specific  picture  of  the  disease. 

These  characteristics  have  all  been  observed  in  human  influenza  by 
pathologists  who  have  had  the  opportunity  to  study  the  lungs  of  patients 
with  fulminating  disease  who  died  within  the  first  few  days  of  their 
illness  and  before  secondary  infection  had  occurred.  The  lesions  as 
they  occurred  in  these  early  cases  have  been  regarded  as  constituting  a 
specific  pathologic  picture.  Our  experimental  lesions  correspond  with 
considerable  accuracy  to  those  of  human  influenza  and  they  cannot  be 
confused  with  the  changes  produced  by  any  other  pathogenic  organism 
either  in  human  beings  or  in  animals. 
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The  unusual  nature  of  the  pathologic  process  in  influenza  is  appar- 
ently due  to  the  fact  that  the  virus  of  this  disease  possesses  a  remarkable 
afifinity  for  the  vascular  endothelium.  The  virus  gains  access  via  the 
respiratory  passages,  and  is  rapidly  absorbed  through  the  mucous 
membrane  of  the  trachea,  bronchi  and  bronchioles.  x\pparently,  as  a 
result  of  its  peculiar  endotheliotoxic  property,  it  then  rapidly  calls  forth 
a  profuse  outpouring  of  serum  and  red  blood  cells  in  patchy  areas 
throughout  the  lungs. 

Further  evidence  of  this  vascular  damage  is  to  be  seen  in  the  com- 
plete loss  of  tonus  in  many  capillary  loops  and  in  the  early  occlusion  of 
many  capillaries  and  minute  arteroles  by  blood  platelet  thrombi.  This 
phenomenon,  though  observed  in  the  lungs  of  some  of  the  earliest 
human  cases  of  influenza  that  were  studied  pathologically,  can  be 
regularly  produced  experimentally  with  influenza  virus  and  influenza 
cultures  and  is  of  considerable  pathogenetic  significance. 


\ 


THE    MECHANISM    OF    THE    DEVELOPMENT    OF    NON- 
BACTERIAL,  CHRONIC  CARDIOVALVULAR   DISEASE* 

WILLIAM     THALHIMER,     M.D. 

MILWAUKEE 

A  fairly  complete  search  through  the  literature  reveals  no  accurate 
knowledge  or  satisfactory  explanation  of  the  pathologic  process  which 
is  the  basis  of  the  progressive  development  of  chronic  cardiovalvular 
disease.  By  chronic  cardiovalvular  disease  is  meant  a  chronic,  non- 
bacterial, nonrheumatic  disease  of  a  heart  valve,  or  of  valves,  which 
is  characterized  at  the  necropsy  by  marked  fibrosis  of  the  valve  cusps 
or  flaps  sometimes  causing  marked  distortion  or  stenosis,  at  times  with 
calcareous  deposit  in  the  valves,  but  unaccompanied  by  vegetations  other 
than  very  small  ones,  such  as  are  described  in  this  paper. 

The  histologic  changes  in  simple  or  verrucous  endocarditis  are  well 
known,  as  are  those  of  the  terminal  stage  of  the  process  which  is 
usually,  through  improperly,  termed  "chronic  endocarditis."  The 
cause  of  the  progressive  changes  in  nonbacterial  lesions  of  the  heart 
valve,  and  the  mechanism  of  these  changes,  is  very  imperfectly 
understood. 

It  will  be  necessary,  before  taking  up  this  problem,  to  discuss  the 
terminology  and  classification  of  acute  and  chronic  diseases  of  the  heart 
valves.  Many  of  the  older  terms  given  to  different  types  of  cardiac 
disease  have  been  found  inappropriate  in  the  light  of  recent  knowledge. 
Many  cases  have  erroneously  been  termed  acute  endocarditis  where 
there  was  no  acute  inflammation  of  the  endocardium.  The  term,  how- 
ever, which  probably  has  been  most  abused  is  "chronic"  endocarditis. 
This  term  should  be  discarded,  as  there  is  in  all  probability  no  disease 
of  the  heart  valve  which  can  be  described  as  a  "chronic"  inflammation. 
The  only  conditions  that  should  be  termed  endocarditis  are  those  which 
are  inflammatory  in  nature,  and  in  which  the  etiology  of  the  inflam- 
matory lesion  of  the  endocardium  is  known.  These  are  bacterial,  rheu- 
matic and  syphilitic  endocarditis.  As  Libman  suggests,  the  organism 
causing  the  bacterial  endocarditis  should  always  be  included  in  the 
name  of  the  lesion;  such  as  "acute  Staphylococcus  aureus  endocarditis." 

In  the  same  way,  "chronic  myocarditis"  is  usually  improperly 
applied.  Chronic  inflammation  of  the  myocardium  is  very  rare,  indeed. 
Most  cases  termed  "chronic  myocarditis"  are  conditions  entirely  differ- 
ent from  this,  such  as  myocardial  weakness,  interestitial  fibrosis  of 
the  myocardium,  either  localized  or  diffuse,  coronary  artery  disease,  etc. 


*From  the  Laboratories  of  Columbia   Hospital. 
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Libman  ^  differentiates  sharply  between  cases  of  valvular  defect 
alone  and  cases  of  endocarditis  occurring  with  or  without  a  previous 
valvular  disease.  He  describes  a  valvular  defect  as  "a  direct  result  of 
a  previous  disease  process  of  the  valve."  The  important  point  to  be 
made  clear  is  that  a  valvular  defect  is  the  result,  or  sometimes  the  end 
stage,  of  disease  of  a  heart  valve,  and  cannot,  in  any  sense,  be  termed  an 
endocarditis,  acute  or  chronic.  Libman  tabulates  the  causes  of  valvular 
defects  as  follows : 

1.  Rheumatic  endocarditis. 

2.  Syphilitic  endocarditis. 

3.  Atherosclerosis. 

4.  Congenital  defects. 

5.  Traumatic  lesions. 

6.  A  previous  bacterial  infection,  with  recovery. 

He  classifies  the  varieties  of  "endocarditis"  (not  valcular  defects) 
as  follows : 

1.  Rheumatic. 

2.  Syphilitic. 

3.  Bacterial. 

4.  Terminal  (verrucous). 

5.  Indeterminate. 

This  terminology  and  classification  is  considered  the  best  yet  sug- 
gested. It  is  believed,  however,  that  the  term  "endocarditis"  should  be 
eliminated  entirely,  and,  in  its  place,  the  conditions  should  be  termed 
acute  or  chronic  cardiovalvular  disease.  It  is  probably  too  much  to 
expect  that  the  term  endocarditis  will  be  given  up,  but  it  seems  certain 
that  the  term  chronic  endocarditis  will  be  dropped.  The  term  endo- 
carditis is  used  herewith  in  connection  with  rheumatic  fever  and  bacterial 
valvular  disease,  in  order  to  conform  with  the  present  accepted 
terminology. 

We  are  not  concerned  in  this  paper  with  bacterial  infections  of  the 
endocardium,  whether  they  are  acute  or  subacute,  or,  as  the  latter  is 
sometimes  termed,  chronic  malignant  endocarditis.  These  conditions 
have  been  described  well  by  Schottmueller,  Horder,  Osier,  Libman, 
Rosenow  and  others.  The  mechanism  of  the  development  of  these 
lesions  is  also  well  understood,  whether  considered  as  starting  from  a 
bacterial  embolus  in  the  valve,  or  whether  they  start  from  bacterial 
implantation  on  the  valve.  Some  phases  of  this  mechanism,  however, 
will  be  discussed  later,  as  they  have  a  bearing  on  the  mechanism  of  the 
development  of  chronic  cardiovalvular  disease. 

1.  Libman,  E. :  A  Study  of  the  Endocardial  Lesions  of  Subacute  Bacterial 
Endocarditis,  Am.  J.  M.  Sc.  144:313.  1912.  The  Clinical  Features  of  Cases 
of  Subacute  Bacterial  Endocarditis  That  Have  Spontaneously  Become  Bacteria- 
Free,  Am.  J.  M.  Sc.  146:625,  1913.  Some  General  Considerations  Concerning 
Affections  of  the  Valves  of  the  Heart.  (Clinic  of  Dr.  E.  Libman.  Mount  Sinai 
Hospital,  New  York.) 
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Fig.  1.— Verruca  on  mitral  valve  in  a  case  of  acute  rheumatic  fever,  show- 
ing beginning  organization  of  hyaline  thrombus  deposit  and  reaction  in  valve 
beneath. 
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Our  problem  narrows  itself  to  this :  in  what  manner  do  chronic 
nonbacterial  diseases  of  the  heart  develop,  and  what  is  the  pathology 
and  histology  of  this  process?  It  is  believed  that  the  clue  to  the  solu- 
tion of  this  problem  is  to  be  found  in  the  correlation  of  the  results  of 
the  study  of  certain  small  excrescences  found  in  a  number  of  abnormal 
or  diseased  conditions  of  the  heart  at  dififerent  locations  on  the 
endocardium,  but  most  often  on  the  valves.  These  conditions  are  con- 
genital cardiac  disease,  so-called  simple  or  verrucous  endocarditis  of 
rheumatic  fever,  so-called  terminal  verrucous  endocarditis,  and  ver- 
rucous endocarditis  in  practically  all  cases  of  chronic  cardiovalvular 
disease.  These  will  have  to  be  described  separately,  and  it  is  also  neces- 
sary to  discuss  bacterial  endocarditis. 

VARIETIES     OF     ENDOCARDITIS 

Bacterial  Endocarditis. — The  macroscopic  and  microscopic  char- 
acteristics of  bacterial  endocarditis  are  well  known  and  need  no  further 
description.  Reference  can  be  made,  in  particular,  to  the  articles  of 
Libman.^ 

The  vegetations,  except  in  acute  fulminating  cases,  are  comparatively 
large  and  rough,  being  warty  or  cauliflower-like  in  appearance,  or 
occurring  as  even  larger,  irregular  masses.  In  cases  such  as  acute 
pneumococcus  endocarditis  complicating  a  pneumonia,  the  vegetations 
may  occasionally  be  small  and  beaded,  smooth  and  glistening.  The 
organism  causing  the  lesion  always  can  be  demonstrated  readily,  how- 
ever, in  either  smear,  culture  or  section,  thereby  differentiating  these 
cases  from  the  verrucse  of  acute  rheumatic  endocarditis. 

In  only  a  single  group  of  bacterial  endocarditis  cases,  namely,  the 
bacteria  free  cases  of  subacute  bacterial  endocarditis,  as  described  by 
Libman,  are  no  bacteria  found  in  the  vegetations.  Nevertheless,  there 
can  be  no  doubt  that  Libman  has  demonstrated  that  bacteria  caused  the 
lesions  and  these  subsequently  become  bacteria  free. 

Bacterial  vegetations  are  always  friable,  unless  calcified,  and  even 
then,  they  are  usually  friable.  They  are  made  up  of  masses  of  blood 
platelet  thrombus,  mixed  thrombus,  bacteria  scattered  or  in  masses,  and 
also  sometimes  of  calcareous  deposit.  Degeneration  or  necrosis  of  the 
thrombus  material  often  occurs.  Organization  takes  place  only  to  a 
slight  or  moderate  extent  at  the  base  of  the  vegetation,  except  in  Lib- 
man's  bacteria  free  cases,  where  it  may  extend  throughout  the  vegeta- 
tion. In  all  other  bacterial  cases  the  surface  of  the  vegetations  is  not 
covered  by  endothelium  and  it  is  usually  not  covered  even  in  the  bacteria 
free  cases.  Bacteria  growing  in  the  thrombus  form  almost  the  entire 
surface  layer  but  the  bacteria  may  also  be  found  far  beneath  the 
surface. 

Occasionally  small  beaded  vegetations  occur  alongside  of  large  ones 
in  subacute  bacterial  endocarditis,  which,  if  alone,  might  be  confused 
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macroscopically  with  acute  rheumatic  endocarditis.  Microscopically, 
they  are  easily  differentiated,  as  they  always  contain  bacteria.  Bacterial 
vegetations,  therefore,  are  merely  infected  thrombi  on  the  valves. 

Simple  or  Verrucous  Endocarditis  of  Rheumatic  Fever. — This  condi- 
tion is  so  well  described  by  Aschoff  in  his  textbook  on  Pathology,  that 
only  the  necessities  of  this  article  justify  personal  observations  of  this 
lesion.  This  lesion  is  distinctive.  The  gross  lesion  is  sufficiently  char- 
acteristic so  that  acute  rheumatic  fever,  or  one  of  its  associated  condi- 
tions (such  as  chorea),  can  be  diagnosed  in  practically  every  case  in 
which  this  lesion  is  found.  In  a  few  hearts  lesions  have  been  observed 
that  were  so  similar  to  those  of  verrucous  rheumatic  endocarditis  that 
macroscopically  it  could  not  be  decided  definitely  whether  they  were  the 
lesions  of  rheumatic  fever.  In  all  of  these  cases,  when  a  positive  opinion 
could  not  be  formed,  subsequent  study  of  the  heart  failed  to  reveal 
Aschoff  bodies,  which  are  the  specific,  microscopic,  myocardial  lesions  of 
acute  rheumatic  fever  and  its  allied  conditions.  In  all  hearts  which  were 
macroscopically  regarded  as  representing  a  verrucous  endocarditis  of 
rheumatic  fever,  Aschoff  bodies  were  found  in  the  myocardium. 

Rheumatic  verrucous  endocarditis  appears  grossly  as  a  beaded  line 
along  the  line  of  closure  of  the  various  valves.  These  beads  vary  in  size 
from  being  barely  visible  to  2  or  3  mm.  in  both  width  and  height.  They 
may  be  either  discrete  or  fused.  When  fused  they  form  a  continuous 
line  on  one  or  more  of  the  valve  flaps  or  cusps.  When  the  beads  are 
very  small  they  give  the  line  of  closure  of  the  valve  a  sandpaper-like 
appearance.  The  lesions  are  either  colorless,  or  grayish  white,  rounded, 
smooth  and  glistening.  They  are  never  pedunculated  but  are  always 
sessile.  The  verruse  are  rather  firm  and  tough,  are  not  easily  broken 
off  from  the  valve  and  when  picked  off,  a  small  portion  of  the  super- 
ficial tissue  of  the  valve  invariably  comes  off  with  them. 

Microscopic  Appearance  :  The  minute,  beaded  vegetations  are 
composed  entirely  of  an  organizing,  hyaline  thrombus.  The  connective 
tissue  immediately  beneath  the  endocardium  furnishes  fibroblasts 
through  which  the  thrombus  becomes  organized.  The  process  of  organ- 
ization can,  therefore,  be  regarded  as  beginning  in  these  tissue  cells. 
This  area  of  actively  growing  connective  tissue  cells  has  all  the  char- 
acteristics of  growing  connective  tissue  elsewhere.  More  plasma  is 
present  between  these  cells  than  is  found  elsewhere  in  the  valve.  The 
valve  about  the  base  of  the  thrombus  and,  at  times,  the  tissue  throughout 
the  valve,  shows  an  inflammatory  process.  This  process  is  an  infiltration 
with  mononuclear  leukocytes,  occasional  plasma  cells  and  polymorpho- 
nuclear leukocytes.  The  endothelium  on  either  side  of  the  thrombus, 
where  it  arises  from  the  endocardium,  shows  a  condition  of  active 
growth.    There  is  apparently  an  effort  on  the  part  of  the  endothelium  to 
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Fig.  3.-Terminal  verrucous  endocarditis;  -^tral^alve;  no  organizatior.  of 
hvaline  thrombus  deposit  and  no  reaction   ,n  the  valve  beneath  it. 
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grow  up  over  the  thrombus.  This  new  endothehum  usually  extends  up 
on  either  side  to  a  distance  of  from  one-fourth  to  one-third  of  the  sur- 
face of  the  thrombus.  The  verrucse  in  the  acute  stage  are  infrequently 
completely  covered  by  endothelium,  though  this  always  occurs  with 
the  older  lesions.  This  observation  is  at  variance  with  that  of  Libman, 
who  claims  that  the  endothelium  rapidly  grows  over  and  completely 
covers  the  small  verrucous  vegetations. 

In  different  vegetations  may  be  observed  varying  numbers  of 
hyaline  thrombi  encroached  on  by  granulation  tissue.  Growing  into  the 
thrombus  from  its  base,  and  from  its  side,  the  fibroblasts  then  attack 
these  islands  from  their  entire  periphery  and  eventually  convert  them 
into  a  ball  or  whorl  of  granulation  tissues,  which  become  incorporated 
in  the  valve.  This  has  an  important  bearing  on  observations  which  will 
be  reported  on  later. 

A  careful  search  has  been  made  by  Rothschild  and  Thalhimer  for 
bacteria  and  protozoa  in  the  vegetations  and  myocardium  in  many  cases 
of  acute  rheumatic  fever.  In  no  instance  were  any  bacteria  or  protozoa 
found.  It  may  also  be  stated  here  that  no  organisms  were  ever  found 
in  Aschoff  bodies.  This  observation  is  of  importance  in  relation  to  the 
contention  of  some  authors  that  rheumatic  fever  is  caused  by  a  special 
type  of  streptococcus. 

It  could  not  be  determined  positively  whether  the  minute  thrombi  of 
the  vegetations  were  secondary  to  a  lesion  of  the  endothelial  layer  of  the 
endocardium,  or  of  the  subendothelial  layer.  Beneath  the  very  small 
lesions  changes  are  pi-esent  only  in  the  most  superficial  layer  of  the 
endocardium.  These  changes  are  so  superficial  that  they  seem  to  indi- 
cate that  the  primary  lesions  are  essentially  endothelial  and  not  sub- 
endothelial. 

It  is  of  interest  to  note  that  Aschoff  bodies,-  or  Aschoff  cells,  were 
never  found  in  the  vegetations,  in  their  base  or  in  the  valves.  Attention 
should  be  called  to  the  fact  that  emboli  never  arises  from  the  vegetations 
in  cases  of  acute  rheumatic  endocarditis,  since  the  vegetations  are  never 
friable  enough  to  break  and  form  emboli.  Where  embolic  phenomena 
occur  in  this  condition  the  emboli  must  arise  from  thrombi  situated  else- 
where than  on  the  heart  valves,  such  as  from  an  auricular  thrombus. 

Terminal  Verrucous,  "Endocarditis/' — Terminal  verrucous  "endo- 
carditis" occurs  in  patients  who  die  after  a  long,  slowly  progressing  ill- 
ness, such  as  carcinoma,  tuberculosis,  etc. 


2.  In  a  study  made  by  Rothschild  and  myself  (Rothschild.  M.  A.,  and 
Thalhimer,  W. :  On  the  Significance  of  the  Sub-Miliary  Myocardial  Nodules 
of  Aschoff  in  Rheumatic  Fever,  J.  Exper.  M.  19:417.  1914),  a  very  careful 
search  was  made  in  the  valves  of  rheumatic  hearts  for  AschofF  bodies.  We 
were,  and  are  still,  at  a  loss  to  explain  their  absence  here  and  their  presence 
in  the  specific   lesions  of  the  myocardium. 
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Fig.  4. — Terminal   verrucous   endocarditis  ;    flat  hyaline   thrombus   deposit   on 
aortic  valve.     No  organization  of  thrombus  or  reaction  in  the  valve  beneath  it. 
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There  are  present  upon  the  heart  valves  of  many  of  these  cases  very 
minute,  colorless  or  gray,  rounded,  glistening,  firm  verrucs.  They  are 
usually  smaller  than  those  in  rheumatic  fever,  fewer  in  number, 
scattered,  and  never  form  a  continuous  beaded  line. 

Microscopically  these  terminal  verrucse  have  identically  the  same 
structure  as  those  caused  by  rheumatic  fever,  but  there  is  no  inflam- 
matory reaction  in  the  valve,  either  near  the  verrucse  or  elsewhere.  The 
small  vegetations  are  formed  entirely  of  hyaline  thrombi,  usually  bare, 
but  sometimes  covered  partially  or  even  completely  by  endothelium. 
Either  no  organization  of  this  thrombus  is  present,  or  practically  none. 
There  is  no  change  in  the  valve  beneath  the  verrucse  which  is  in  any 
way  related  to  the  process  on  the  surface  of  the  valve.  The  small 
vegetative  lesions  have  all  the  appearances  of  a  recent  process,  without 
any  accompanying  inflammatory  changes  and  with  only  proliferative 
changes  in  the  heart  valve. 

A  Special  Type  of  Verrucous  Endocarditis  Found  on  the  Valves  of 
Nonbacterial,  Nourheumatic  Chronic  Cardiovalz'idar  Disease. — \^er- 
rucous  "endocarditis"  in  chronic  cardiovalvular  disease  is  believed  to  be 
of  common  occurrence  and  yet  seems  to  have  been  either  comparatively 
unnoticed,  or  regarded  as  unimportant.  I  call  attention  to  these  lesions 
in  the  hope  that  others  will  verify  the  fact  of  their  common  occurrence 
and  of  certain  structural  valve  changes  associated  with  them. 

On  practically  all  thickened,  fibrosed  valves,  careful  inspection  will 
reveal  the  presence  of  few  or  many  minute  verrucse,  grossly  and 
microscopically  similar  in  appearance  to  the  very  small  lesions  of  term- 
inal verrucous  endocarditis.  They  are  specially  common  on  valves 
presenting  marked  stenosis,  such  as  "buttonhole"  mitral  stenosis.  In 
these  extreme  degrees  of  valvular  defect  the  valve  flaps  are  greatly 
thickened,  very  fibrous,  usually  uneven  and  often  infiltrated  with  small 
or  large  amounts  of  calcium.  \'ery  often  one  or  both  places  of  junction 
of  the  two  mitral  flaps  have  a  superficial,  or  deep,  cracklike  defect,  which 
has  somewhat  the  appearance  of  an  ulcer.  These  cracks  are  at  the  ends 
of  the  "buttonhole"  opening  in  the  valve.  The  edge  of  these  ulcer-like 
lesions  is  firm,  irregular  and  slightly  raised.  The  bases  are  rough  and 
dull  in  appearance,  as  though  composed  of  poorly  nourished  or  degen- 
erative tissues.  On  or  near  the  edge  of  the  cracks,  as  well  as  on  the 
rounded  valve  edges,  are  found  a  few.  or  many  small  verrucse.  These 
verrucous  lesions  in  their  macroscopic  and  miscroscopic  appearance 
resemble  both  rheumatic  endocardial  verrcucse  and  terminal  endocardial 
verrucse,  and  have  some  of  the  characteristics  of  both.  They  are 
generally  larger  than  the  terminal,  but  not  as  large  as  the  rheumatic 
lesions.  They  also  are  composed  of  hyaline  thrombi,  usually  bare,  but 
sometimes  covered  by  endothelium.     They  show  dififerent  degrees  of 
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Fig.  5. — Small  flat  verruca  on  mitral  valve  in  a  case  of  chronic  cardio- 
valvular  disease.  Organization  is  occurring  and  fibroblasts  are  scattered 
throughout  the  hyaline  thrombus  mass.     The  surface  is  covered  by  endothelium. 
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organization,  from  a  small  amount  up  to  complete  fibrosis.  A  slight  or 
moderate  grade  of  mononuclear  cellular  inhltration  is  quite  constantly 
present  at  the  base  of  the  vegetation.  This  may  be  present  elsewhere 
in  the  valve,  but  usually  is  not. 

The  more  organized  verrucse  very  often  revealed  a  whorllike 
arrangement  of  the  newly  formed  connective  tissue  and  some  of  the 
completely  organized  verrcuse  are  made  up  of  very  dense  fibrous  tissue, 
with  few  flattened,  densely  staining  nuclei.  Areas  of  hyalin  (possibly 
thrombus)  are  found  in  some  of  the  verrucae.  Microscopically  the  struc- 
ture of  the  valves  is  seen  to  be  made  up  of  dense,  irregularly  arranged 
fibrous  tissue.  The  dense  fibers  of  this  tissue  are,  in  general,  parallel 
to  the  valve  surfaces,  but  a  wavy  or  even  a  whorllike  arrangement 
of  the  fibers  is  often  present.  These  whorls  are  found  with  special 
frequency  in  flattened  knoblike  projections  of  the  valves  near  the  ver- 
rucse, and  seem  to  be  the  result  of  the  manner  of  organization  of  the 
verrucase.  The  central  portion  of  the  valve  often  contains  areas  of 
hyaline  degeneration. 

The  cracks  mentioned  above  are  bare  of  endothelium,  which  stops 
at  the  edge.  The  base  is  made  up  of  the  fibrous  tissue  of  the  valve,  with 
a  layer  of  superficial  degeneration,  and  here  and  there,  small  bits  of 
hyaline  thrombus.  A  considerable  degree  of  calcareous  deposit  is 
usually  present  along  the  edge  and  in  the  base  of  the  crack. 

Nonbacterial  Endocardial  Vegetations  in  Congcnitally  Abnormal 
Hearts. — It  is  recognized  that  "endocarditis"  commonly  develop^  on 
valves  of  congenitally  abnormal  hearts.  Necropsies  have  been  per- 
formed in  many  of  these  cases  and  the  cardiac  abnormalities  and  gross 
appearance  of  the  valves  have  been  described  carefully.  Unfortunately, 
the  microscopic  structure  of  the  valve  lesions  has  seldom  been  studied. 
Bacteriologic  investigations  either  have  not  been  done  at  all,  or  have 
been  unsatisfactory.  Sufficient  care  has  not  been  taken  to  rule  out  post- 
mortem invaders  of  the  heart's  blood  wdien  positive  postmortem  bac- 
terial cultures  were  obtained.  Very  few  cases  were  studied  clinically 
by  means  of  blood  cultures.  Many  of  the  important  and  most  often 
quoted  cases  came  to  necropsy  previous  to,  or  during  the  early  years  of, 
the  development  of  the  science  of  bacteriology. 

Nevertheless,  quite  a  number  of  cases  of  ''congenital  heart  disease" 
are  recorded  in  the  literature  in  which  it  has  been  proved  that  a  super- 
imposed acute  or  subacute  bacterial  endocarditis  occurred.  The  heart 
valves  have  usually  shown  a  chronic  thickening  and  bacterial  vegeta- 
tive process.  This  fact  directs  attention  to  well  known  observations 
which  are  of  importance.  One  is,  that  the  valves  of  congenitally 
abnormal  hearts  are  prone  to  become  thickened  and  fibrosed.  The  other 
is  that  these  compromised  valves  are  susceptible  to  bacterial  infections, 
just  as  is  the  case  with  all  chronicallv  diseased  heart  valves. 
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Fig.  6. — Verruca  on  mitral  valve  in  a  case  of  chronic  cardiovalvular  disease. 
Organization  is  almost  complete,  only  two  small  unorganized  areas  of  hyaline 
thrombus  remain.  The  newly  formed  connective  tissue  has  a  whorllike  arrange- 
ment. The  surface  is  almost  completely  covered  by  endothelium.  The  vege- 
tation is  flattened  and  almost  completely  incorporated  into  the  valve. 
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Attention  can  now  be  directed  to  certain  organic  changes  in  con- 
genitally  abnormal  hearts  and  also  to  some  personal  observations  of 
these  changes. 

A  number  of  cases  are  on  record  in  which  endocardial  thickening,  or 
thickening  of  the  intima  of  the  large  arteries  which  arise  from  the 
heart,  has  been  observed  at  situations  where  abnormalities  in  the  course 
of  the  blood  stream  through  the  heart  have  caused  this  stream  to 
impinge  on  the  endocardium  or  intima,  or  to  put  unusual  strain  on  it. 
These  thickenings  have  also  occurred  at  places  where  slowing  of  the 
blood  stream,  or  eddies  in  it,  have  occurred.  Bacterial  endocarditis  has 
also  been  found  at  these  situations.  Illustrations  of  this  are  lesions 
(bacterial  or  nonbacterial)  in  the  pulmonary  artery  opposite  an  open 
ductus  arteriosus  where  the  blood  has  impinged,  or  around  the  pul- 
monary opening  of  the  ductus  where  the  stream  has  been  slowed  and 
thrown  into  eddies. 

In  addition,  I  have  had  the  opportunity  to  study  several  congenitally 
abnormal  hearts  where  nonbacterial  vegetative  lesions  were  present  on 
the  valves.^  To  avoid  repetition  of  what  has  gone  before — the  lesions 
bear  a  striking  resemblance  macroscopically  and  microscopically  to  the 
verrucse  of  rheumatic  endocarditis,  terminal  endocarditis  and  those 
observed  on  chronically  diseased  valves. 

PRELIMINARY     SUMMARY 

The  nonbacterial  vegetations  on  the  heart  valves  which  have  been 
described  are  formed  of  small  thrombi  on  the  valve.  These  lesions  are 
verrucous    rheumatic   endocarditis,   terminal    verrucous   "endocarditis"  { 

verrucae  on  chronically  diseased  valves,  and  nonbacterial  vegetations  on 
the  valves  of  congenitally  abnormal  hearts.  It  is  believed  that  the 
same  conditions  which  govern  thrombus  formation  in  blood  vessels 
govern  the  formation  of  a  thrombus  on  a  heart  valve.  The  underlying 
factors  in  thrombus  formation  are  not  understood  perfectly,  but  a  great 
deal  of  investigation  of  the  condition  has  been  made  and  the  summa- 
tion of  our  knowledge  of  the  subject  is  best  given  in  the  conclusions 
arrived  at  by  Aschoff :  * 

So  we  see  from  all  these  experiments  that  the  slowing  of  the  blood  stream 
and  the  alteration  of  the  blood  elements  themselves,  especially  alterations  of 
the  platelets,  are  the  chief  factors  in  the  production,  not  only  of  the  static, 
but  of  toxic  thrombosis,  so  far  as  we  are  concerned  with  thrombus  formation 
in  the  flowing  blood  stream.  In  static  and  similar  types  of  thrombi  the  slow- 
ing of  the  blood  stream  is  of  primary  importance,  while  for  the  toxic  varieties 
the  changes   in  the  blood   elements  have  the  dominating  influence. 


3.  One  of  these  cases  has  been  quoted  in  Dr.  Abbot's  article  on  Congenital 
Heart  Disease,  in  Osier's  System  of  Medicine. 

4.  AschoflF,  L. ;  von  Beck,  B.,  and  de  la  Camp.  O. :    Beitrage  zur  Thrombose- 
frage,  Leipzig,  Verlag  von  F.  E.  W.  Vogel,  1912. 
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Fig.  7. — Chronic  cardiovalvular  disease.    Whorls  occur  in  the  fibrous  tissue 
of  the  aortic  valve. 
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The  different  types  of  chronic  cardiovalvular  disease  and  aseptic 
vegetations  will  be  taken  up  separately,  and  a  theory  of  the  cause, 
development  and  end  result  will  be  advanced. 

PROPOSED    EXPLAXATIOX    OF    MECHANISM    OF   DEVELOPMENT    OF    DIFFER- 
ENT TYPES  OF  CHRONIC   CARDIOVALVULAR  LESIONS 

Verrucous  Rheumatic  Endocarditis.— There  is  sufficient  evidence  of 
inflammation  in  the  heart  valve  first,  to  term  this  process  "endocarditis" 
and,  second,  to  believe  that  the  vegetations  develop  secondary  to  an 
injury  to  the  valve,  caused  by  the  infectious  agent  of  rheumatic  fever, 
which  is  at  present  unknown.  Undoubtedly,  fibrosis  develops  in  the 
valve  as  a  result  of  the  inflammatory  process.  The  inflammation  is 
only  moderate  in  degree  and  the  amount  of  scar  tissue  which  forms 
diffusely  in  the  valve  is  only  moderate  in  amount.  The  valve  is  made 
slightly  thicker  and  less  elastic  as  a  result  of  these  changes.  The  ver- 
rucae  become  organized,  then  converted  into  fibrous  tissue,  and  this 
also  adds  to  the  irregularity  and  loss  of  resiliency  of  the  valve.  Such 
a  valve  is  less  resistant  to  the  strain  which  it  must  undergo  in  opening 
and  shutting  many  times  a  minute  and  in  withstanding  the  intracardiac 
pressure  during  the  heart  beat.  Its  lessened  elasticity  will  cause  it  to 
open  and  close  somewhat  more  slowly  than  normally  and  this  will, 
therefore,  cause  slight  slowing  of  the  blood  stream  past  the  valve,  and 
possibly,  whirls  or  eddies  in  the  blood  stream.  These  two  changes  in 
the  blood  stream  are  conducive  to  thrombus  formation.  It  is  also  con- 
ceivable that  some  unusual  strain  on  the  heart,  and.  therefore,  on  the 
somewhat  compromised  valve,  might  cause  a  minute  injury  to  the  valve,  -^ 

such  as  a  microscopic  tear  in  its  endothelial  covering.     In  the  presence  21 

of  a  slowed  blood  stream  this  microscopic  surface  lesion  would  tend  to 
add  another  factor  toward  inducing  a  minute  thrombus,  i.  e.,  a  ver- 
rucous vegetation,  to  form  on  the  valve.  The  subsequent  organization 
and  fibrosis  of  this  vegetation  would  cause  further  thickening  and 
fibrosis  of  the  valve.  This  would  complete  a  vicious  cycle  consisting 
of  recurring  minute  thrombi  on  the  valve,  very  gradual  thickening, 
with  increasing  susceptibility  to  further  thrombi  until  a  much  deformed 
valve  would  result.  During  the  process  of  the  slow  development  of 
this  valve   defect,   extending   over   many   years,   the   valve   and   heart  wl 

apparently  might  be  performing  their  function  in  a  satisfactory  man- 
ner and  no  symptoms  or  physical  signs  be  evident.  Finally,  when  a 
seriously  defective  valve  has  developed  the  efficiency  of  the  myocardium 
will  become  impaired  and  both  symptoms  and  signs  of  chronic  cardio- 
valvular disease  will  be  manifested. 

It  is  well  known  that  recurrent  attacks  of  acute  rheumatic  fever  are 
prone  to  occur,  and  often  these  recurrences  each  add  marked  insult  to 
the  already  damaged  heart  valves  and  hasten  the  development  of  a  t 
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Fig.  8. — Chronic  cardiovalvular  disease;  mitral  valve.  Two,  low,  rounded 
projections  of  surface  with  whorllike  arrangement  of  connective  tissue  of 
valve  beneath  each  projection. 
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valvular  defect.  \\'e  must  note  that  repeated  rheumatic  inflammations 
of  the  valves  are  undoubtedly  sufficient,  without  any  other  agency,  to 
produce  even  the  severest  grades  of  valvular  disease.  It  is,  therefore, 
not  necessary  after  repeated  attacks  of  rheumatic  fever  have  occurred, 
to  hypothecate  additional  factors  for  causing  the  progress  of  sclerosis 
in  the  heart  valves.  The  surface  lesions  in  cases  of  acute  rheumatic 
endocarditis,  however,  present  so  many  points  of  similarity  to  lesions 
on  sclerosed  valves,  which  are  not  rheumatic  in  orgin,  that  this  simi- 
larity suggested  the  idea  of  the  possible  significance,  cause  and  effect 
of  all  verrucous-like,  nonbacterial  vegetations  in  the  development  of 
chronic  cardiovalvular  disease. 

It  must  be  recalled  that  an  appreciable  number  of  cases  of  chronic 
cardiovalvular  disease  occur  in  adults  who  have  a  history  of  only  a 
single  attack  of  acute  rheumatic  fever  occurring  in  childhood  or  early 
life.  These  chronic  valve  lesions  are  attributed  by  clinicians  to  the 
previous  attack  of  rheumatic  fever.  The  explanation  has  not  been 
given  of  how  the  single  trauma  to  the  heart  valves  long  before,  causing 
no  symptoms  for  many  years,  may  finally  be  the  cause  of  marked 
valvular  defects  and  their  consequences.  One  attack  of  acute  rheumatic 
endocarditis  produces  a  comparatively  slight  valvular  lesion.  This  may 
give  rise  to  no  immediate  symptoms  or  heart  murmur.  It  is  evident  that 
the  valve  defect,  which  is  the  final  stage  of  the  process,  has  developed 
slowly.  The  cases  under  discussion  give  no  history  of  subsequent 
attacks  of  acute  rheumatic  fever  or  other  infectious  diseases  to  account 
for  the  development  of  the  severe  valve  lesion.  The  explanation  given 
here  of  recurring,  minute  verrucae,  always  followed  by  fibrosis,  would 
satisfactorily  account  for  the  progressive  change  from  a  slightly 
damaged  valve  to  a  markedly  damaged  one  years  later. 

Verruca  in  Chronic  Nonbacterial,  Nonrheumatic  Cardiovalvular  Dis- 
ease.— These  lesions  must  have  some  significance,  and  some  effect. 
Theoretic  considerations,  quite  similar  to  those  already  stated,  might 
also  apply  here.  Some  general  toxic  or  some  distant  infectious  process 
might  result  in  a  primary  trauma  to  a  heart  valve,  such  as  bacterial 
toxins  from  a  serious  pneumonia,  repeated  attacks  of  tonsillitis,  the 
virus  of  scarlet  fever,  etc.  Thickening  of  the  valve  follows,  and  these 
thickened  valves  have  been  found  to  be  free  from  bacteria.  Thus,  the 
process  of  valve  thickening  can  be  regarded  as  nonbacterial  in  orgin. 
The  thickened  valve  is  more  susceptible  to  both  normal  and  unusual 
strain.  Microscopic  lesions  form,  followed  by  verrucae,  and  these,  in 
turn,  by  fibrosis.  Following  this,  the  sequence  of  progressive  changes 
may  occur  in  the  same  manner  as  has  been  described  as  possible  after 
a  single  attack  of  acute  rheumatic  fever.  This  may  eventually  produce 
marked  stenosis  with  a  shelflike  formation  at  the  line  of  valve  closure. 
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Cardiovalvular  Lesions  in  Atherosclerosis. — Fibrosed,  thickened  and 
stenosed  valves,  found  in  general  atherosclerosis  can  be  explained 
similarly.  The  unusual  amount  of  calcareous  deposit  in  these  cases  is 
undoubtedly  i)art  of  the  process  of  atherosclerosis,  proljably  initiating 
the  valvular  lesion  and  undoubtedly  contributing  markedly  to  its 
progression. 

Aseptic  Endocarditis  and  Clironic  CardioTalviilar  Disease  in  Con- 
genitally  Abnormal  Hearts. — Congenitally  abnormal  hearts,  which  at 
necropsy  show  thickening  and  fibrosis  of  their  valves,  usuall_\-  show  no 
inflammatory  reaction  in  the  valves.  The  thickening  is  similar  to  that 
found  in  chronic  valvular  defects  in  adults.  This  does  not  include 
those  with  a  superim{)ose(l  bacterial  endocarditis. 

It  must  be  granted  that  abnormal  openings  in  a  heart,  or  stenosis  of 
its  valves,  result  in  one  or  several  occurrences,  such  as,  slowing  of  the 
circulation  in  the  heart,  whirls  or  eddies  in  the  circulation,  direct 
impinging  of  the  blood  stream  on  abnormal  endothelial  sites,  etc. 

A  heart  of  this  type  is  working  under  a  strain.  This  is  exemplified 
clinically  by  evidence  of  cardiac  insuf^ciency  occurring  more  easily 
after  muscular  activity  in  persons  who  have  congenitally  abnormal 
hearts  than  in  normal  persons.  Poor  or  retarded  physical  development 
in  children  with  congenital  hearts  is  well  known,  and  is  another  evidence 
of  the  inefficient  cardiac  mechanism.  Such  a  heart  and  its  valves  are 
undoubtedly  abnormally  susceptible  to  a  strain. 

One  can  only  consider  hypothetically  the  possible  result  of  this 
susceptibility  to  strain  and  of  the  abnormal  course  of  intracardiac  cir- 
culation and  attempt  to  correlate  it  with  the  findings  in  other  similar 
conditions.  A  few  data  of  the  efl:'ect  of  abnormal  circulation  and  slow- 
ing of  the  circulation  in  the  more  common  types  can  be  brought  forward 
before  passing  on  to  the  theoretic  considerations.  A  number  of  cases 
are  on  record  in  which,  in  aortic  insufificiency,  valvelike  structures 
similar  to  the  valves  in  the  veins,  developed  on  the  interventricular 
septum  below  the  aortic  valves.  This  is  the  region  where  the  regur- 
gitated blood  passes  back  through  the  aortic  ring  and  impinges  on  the 
septum.  Also,  thrombus  formation,  due  to  slowing  of  the  circulation 
because  of  chronic  cardiovalvular  disease  is  not  uncommon  in  the 
auricular  appendages.  These  appendages,  because  of  their  location, 
are  more  likely  than  any  other  structure  to  accommodate  a  slowed 
circulation  or  eddies  in  the  circulation.  These  lesions  are  marked 
evidence  of  the  efTect  of  abnormal  intracardiac  circulation  and  slow- 
ing of  the  blood  stream. 

It  would  seem,  then,  hypothetically,  that  the  following  is  possible: 
Congenital  cardiac  anomalies  may  cause  the  valves  to  be  under  an 
tmusual  strain  from  time  to  time.  Minute,  endothelial  breaks,  cracks, 
or  damage  may  result.     After  these  changes  have  occurred,  fibrosed 
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valves  may  develop  gradually  in  the  manner  and  by  the  mechanism 
already  described.  Even  larger  vegetations  may  occur  than  those  found 
in  simple  chronic  valve  disease.  The  reason  niay  be  that  in  con- 
genital hearts  the  circulation  is  more  abnormal,  slower,  and  conducive 
to  the  development  of  larger  vegetations. 

Terminal  Verrucous  Endocarditis. — These  lesions  can  be  considered 
to  give  the  clue  to  the  significance  of  similar  valve  lesions  found  in 
other  conditions,  and  described  above.  The  verrucae,  which  are  terminal, 
are  composed  also  of  a  hyaline  thrombus  and  would  seem  to  be 
induced  both  by  slowness  of  the  circulation,  as  vitality  diminishes  and 
death  approaches,  and,  in  some  cases,  by  an  increased  coagulability  of 
the  blood.  Death  usually  occurs  before  these  thrombi  can  become 
organized. 

SUMMARY 

There  is  no  satisfactory  explanation  as  to  why  a  slight  nonbacterial 
damage  to  a  heart  valve  dtu"ing  childhood  gradually  progresses  and  years 
later  results  in  a  severe  chronic  nonbacterial  cardiovalvular  lesion.  The 
etiolog}-  of  many  of  these  chronic  lesions  is  attributed  by  some  observers 
to  the  direct  action  of  bacteria.  This  is  undoubtedly  erroneous.  They 
are  entirely  different  from  the  lesions  of  bacterial  endocarditis.  They, 
however,  may  be  caused  indirectly  by  bacteria  throtigh  the  effect  of 
toxins. 

The  cause  of  the  chronic  valvular  lesion  in  a  case  such  as  the  follow- 
ing is  not  at  the  present  time  explained.  There  is  either  no  history 
of  an  original  insult  to  the  heart  valve,  or  there  is  a  history  of  a  single 
insult  in  childhood  or  youth.  No  subsequent  symptoms  of  cardiac 
disease  developed,  and  also,  no  heart  murmurs,  or  only  very  slight 
mtirmurs.  For  many  years  there  are  no  symptoms  or  signs  of  a  lesion 
of  the  heart  valve.  Then,  either  slight  or  mild  cardiac  symptoms  are 
manifested,  at  which  time  a  heart  murmur  is  found,  or,  no  heart  symp- 
toms being  present,  the  murmur  is  discovered  during  a  routine  physical 
examination.  j\fter  this  there  is  a  more  rapid  progression  of  the  heart 
lesion  and  the  heart  symptoms. 

The  question  which  suggests  itself  is.  why  has  the  lesion  become 
manifest  at  this  time,  and  what  has  occurred  to  the  heart  valve  in  the 
interim  between  the  original  instilt  to  the  valve  and  the  later  develop- 
ment of  the  valve  lesion?  The  following  argument  is  presented  as  a 
possible  explanation  of  what  has  occurred :  There  was  an  original 
insult  from  one  or  more  of  the  following  diseases :  scarlet  fever,  measles, 
tonsillitis,  pneumonia,  etc.  The  best  evidence  indicates  that  the  slight 
cardiovalvular  injury  which  occurs  during  these  diseases  is  not  caused 
by  a  deposit  of  bacteria  in  or  on  the  valve.  These  lesions  are,  therefore, 
nonbacterial.     (The  occasional  case  of  frank  pneumococcus  endocarditis 
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and  otlier  cases  of  bacterial  endocarditis  are  not  being  considered  here.) 
The  nonbacterial  process  in  the  valve  resulted  in  slight  or  mild  fibrosis. 
The  change  in  the  valve  was  not  serious  enough  to  impair  the  iieart 
function  and  cause  heart  symptoms ;  it  may  not  have  been  even  sufficient 
to  have  caused  heart  murmurs.  This  slightly  damaged  valve,  however, 
did  not  ha\e  the  resiliency,  elasticity  and  reserve  of  a  normal  valve. 
The  ordinary  work  of  the  heart  put  a  strain  on  it.  With  the  slight 
thickening  of  the  valve  a  slight  abnormality  of  the  circulation  over  and 
around  the  valve  occurred,  which  resulted  in  slight  whirls  or  eddies, 
or  slight  slowing  of  the  blood  stream.  Activities  such  as  heavy  lifting, 
or  exercise,  may  have  resulted  in  so  much  strain  that  a  microscopic 
damage,  which  would  not  happen  normally,  was  inflicted  on  the 
endothelium  of  the  valve.  At  the  site  of  this  damage  a  minute  thrombus 
was  deposited.  The  whirls  in  the  circulation  al)out  the  valve,  or  the 
slight  slowing  of  the  blood  stream,  helped  in  the  formation  of  this 
thromlnis.  This  thrombus  is  the  aseptic,  verrucous,  endocardial  lesion 
or  vegetation  described  herein.  This  verrucous  vegetation  became 
organized,  then  fibrosed  and  incorporated  in  the  valve,  adding  to  its 
thickening  and  fibrosis.  This  process  still  further  lessened  the  elasticity, 
resiliency,  etc.,  of  the  valve  and  rendered  it  more  liable  to  subsequent 
minute  injuries,  verrucae,  and  the  result  of  organization  of  these  verrucae. 
Thus,  a  vicious  cycle  is  completed,  each  minute  injury  and  its  repair 
rendering  the  valve  more  susceptible  to  further  injury. 

It  is  a  common  observation  that  mild  degrees  of  thickening  in  the 
heart  valve  are  found  at  necropsy,  which  have  caused  no  murmurs  or 
heart  symptoms  during  life.  Therefore,  it  is  conceivable  that  the 
progressive  change  in  the  heart  valve,  which  has  been  hypothecated 
above,  gives  rise  to  no  heart  murmurs  or  heart  symptoms  until  a 
certain  stage  is  reached.  By  that  time  quite  a  marked  change  in  the 
valve  is  present.  This  markedly  changed  valve  is  especially  susceptible 
to  injury,  and  after  this  stage  occurs,  further  progress  in  the  lesion  is 
more  rapid.  With  the  deformity  or  defect  in  the  valve  which  eventually 
develops,  the  function  or  mechanism  of  the  heart  becomes  afifected  and 
cardiac  symptoms  appear. 

The  manner  in  which  a  cardiovalvular  defect  eventually  causes 
sufficient  disturbance  in  myocardial  function  to  precipitate  signs  or 
symptoms  of  myocardial  insufficiency  is  not  yet  completely  understood. 
Some  subjects  may  go  for  years  with  a  marked  mitral  stenosis  and  a 
perfectly  compensated  heart.  Some  subjects  with  no  lesions  of  the 
heart  valves  may  die  from  myocardial  weakness  due  to  one  of  many 
causes,  such  as,  coronary  artery  disease,  so-called  cardiac  rheumatism, 
toxemia  of  a  severe  infectious  disease,  etc. 

It  would  seem  that  a  valvular  defect,  even  a  serious  one,  if  the 
myocardium  has  not  also  sufifered  damage,  in  many  cases  exists  for 
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a  long  time  before  the  interference  with  the  cardiac  function  which 
follows  causes  insufficiency  of  the  myocardium.  There  is  great  need  for 
investigation  of  the  manner  in  which  chronic  valvular  defects  cause 
deleterious  functional  and  organic  changes  in  the  myocardium. 

The  evidence  which  has  been  presented  to  explain  the  progress  of 
chronic,  nonbacterial  cardiovalvular  disease  is  not  necessarily  conclusive, 
and  it  might  be  considered  that  the  hypothesis  has  not  been  proven. 
All  stages  of  the  progress  in  these  valve  lesions  are  not  available  for 
study,  but  the  similarity  of  the  verrucous  lesions  in  all  the  conditions 
described  strongly  indicates  that  a  simple,  fundamental  process  is  the 
basis  of  all  of  them.  This  process  seems  to  be  an  attempt  at  repair. 
It  is  evidently  an  imperfect  attempt,  such  as  occurs  in  arterial  thickening 
in  atherosclerosis.  It  is,  therefore,  another  im])erfect  adaptation  of 
the  protective  processes  of  nature.  The  repair  of  the  heart  valve  results 
in  fibrosis,  lessened  resistance  to  strain,  more  damage  and  consequent 
progress  of  the  vicious  cycle  which  has  been  established.  In  some  cases 
even  marked  stenosis  of  the  valve  may  result.  This  is  an  imperfect 
result  of  repair  by  nature,  just  as  an  aneurysm  which  occurs  in  athero- 
sclerosis is  the  result  of  an  imperfect  repair.  Other  instances  of  the 
result  of  an  imperfect  adaptation  of  nature  for  the  purpose  of  repair, 
are  thrombosis  in  a  blood  vessel  and  its  sequels,  stenosis  of  the  coronary 
artery  in  atherosclerosis,  etc. 

It  is  hoped  that  these  hypothetic  considerations,  in  spite  of  their 
possible  incompleteness  or  imperfections,  may  direct  attention  to  the 
processes  described,  and  if  the  hypothesis  is  not  justified  by  subsequent 
observation,  that  it  may  stimulate  other  investigations  of  the  cause  of 
development  and  progression  of  chronic  cardiovalvular  defects. 
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BRONCHOSPIROCHETOSIS     IN     CHINA* 
ERNEST     CARROLL     FAUST,     Ph.D. 

PEKING,     CHINA 

Bronchospirochetosis  was  first  discovered  by  Castellani  in  1905  in 
])atients  seen  in  Ceylon.  The  spirochetes  which  he  found  to  be  the 
causative  agents  of  the  disease  were  described  by  him  in  1907  under 
the  name  of  Spirochacta  bronchialis.  About  the  saine  time  BertarelH 
and  \^olpina  noted  spirochetes  in  the  sputum  of  persons  suiTering  from 
lieart  disease,  while  Rona  found  similar  organisms  in  cases  of  pulmonary 
gangrene.  Since  then  instances  have  been  reported  from  many  localities. 
Lurie  '  recorded  the  presence  of  the  disease  in  China,  although  the  first 
and  only  published  case  history  I  have  been  able  to  find  is  that  of 
Lee  '  from  Wusih. 

In  view  of  the  widespread  incidence  of  bronchospirochetosis  in 
Europe,  North  America  and  in  parts  of  Asia  (Ceylon,  Philippines  and 
Siam),  I  have  been  surprised  to  find  records  of  the  infection  almost 
wholly  lacking  for  China.  In  collaboration  with  Dr.  C.  McA.  Wassell 
I  started  an  investigation  of  the  sttbject  at  the  Church  General  Hos- 
pital, Wuchang,  among  patients  suffering  from  hemoptysis,  and  dis- 
covered that  the  percentage  of  cases  with  bronchospirochetidial  involve- 
ment was  markedly  high.  Examination  of  suspected  cases  in  other 
localities  in  China  has  revealed  a  similar  condition. 

Etiology  and  Description  of  tJic  Parasite. — The  disease  is  due  to 
infection  with  a  spirochete  known  as  Spironenia  bronchiole.  The  infec- 
tion has  been  referred  to  as  "Castellani's  bronchitis,"  "bronchopneu- 
monial  spirochetoses"  and  "bronchospirochetosis."  The  organism  is  poly- 
morphic, wnth  size  variations  of  from  5  to  25  microns  in  length  and 
from  0.2  to  0.3  microns  in  width,  depending,  in  part,  on  the  stage  of 
development.  Typical  individuals  have  acuminate  ends  and  from  five 
to  seven  coils.  Thus  the  organism  as  seen  may  be  thick  and  short 
with  few  undulations  or  it  may  be  thin  and  delicate  with  several  coils. 
Since  the  short  forms  with  few  coils  represent  stages  that  have 
recently  arisen  from  division  of  the  parent  organisms  they  are  less  apt 
to  have  pointed  extremities  than  longer  individuals.  The  organism 
mav  be  viewed  either  in  fresh  smears   with  dark-ground  illumination 


*  Contrilnition  from  the  Parasitology  La])oratory,  Department  of  Pathology, 
Peking  Union  Medical  College.  Read  before  the  Peking  Branch  of  the  China 
Medical  Missionary  Association  and  the  Faculty  Medical  Club  of  the  Peking 
Union  Medical  College,  Nov.  2Z,  1921. 

1.  Lurie,  G.  A.:  Notes  on  "Castellani's  Bronchospirochetosis,"  with  Report 
of  a  Case.  J.  Trop.  M.  &  Hvg.  18:269,  1915. 

2.  Lee,  C.  M. :  Bronchospirochetosis,  with  Report  of  Case.  China  M.  J.  32: 
332,  1918. 
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or  in  stained  preparations.  I  have  found  a  2  per  cent,  aqueous  solution 
of  gentian  violet  well  suited  for  such  staining.  In  many  stained 
organisms  multiple  division  forms  (coccoid  bodies)  are  seen.  These 
are  believed  to  represent  the  infective  stage  and  are  thought  to  be 
transmitted  by  droplet  spray  in  coughing  and  expectoration. 

The  life  history  of  Spironcma  hronchialc  has  been  worked  out 
definitely  by  Fantham "  who  finds  it  to  be  a  distinct  species.  No 
intermediate   host   is   required.      Moreover.   Chalmers   and   O'Farrell  * 
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Fig.   1. — a,   Vegetative   organisms,     b,   Division    forms.     Note    clear   spaces 
l)etween  chromatin  areas.     X  720. 
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have  shown  by  experimental  infection  of  man  and  monkeys  that  this 
is  the  actual  causal  agent  of  bronchospirochetosis. 

The  diagnosis  is  made  by  examining  the  sputum  in  a  suspected  case 
and  finding  the  organism,  6".  bronchialc,  which  may  be  dififerentiated 


3.  Fantham,  H.  G. :  Spirochaeta  Bronchialis,  Cast.  1907,  together  with 
Remarks  on  the  Spirochaetae  of  the  Human  Mouth.  Ann.  Trop  Med.  & 
Parasitol.  9:391.  1915. 

4.  Chalmers.  A.  T-.  and  O'Farrell,  \\'.  R. :  Bronchial  Spirochetosis,  J.  Trop. 
M.  &  Hyg.  16:329,  1913. 
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from  the  buccal  spirochetes  by  ascertaining  (1)  that  it  conies  from 
the  exudate  of  the  trachea  or  bronchi,  and  (2)  that  it  is  not  associated 
with  the  fusiform  bacilli  of  Vincent's  angina.  Thus  far,  aside  from 
size,  actual  morphologic  differences  from  the  mouth  spirochetes  have 
been  difficult  to  demonstrate. 

The  disease  may  be  simple  or  it  may  be  complicated  with  pneu- 
monia, pulmonary  gangrene,  empyema,  tuberculosis  of  the  lungs,  moni- 
liasis, paragonimiasis  or  rhinitic  spirochetosis.  While  a  certain  pro- 
portion of  cases  in  China  will  be  found  to  be  free  from  complications, 
a  large  share  of  them  will  probably  prove  to  be  primarily  cases  of 
pulmonary  tuberculosis  with  a  complication  of  bronchospirochetosis. 
In  either  instance  it  is  extremely  important  to  examine  for  these 
spirochetes  the  sputum  of  all  persons  giving  a  history  of  hemoptysis.  If 
the  spirochetes  is  found  to  be  the  primary  agent  of  the  disease,  relief 
is  easily  effected.  If  the  disease  is  complicated  by  some  other  infection, 
then  spirochetosis  can  be  eliminated,  leaving  the  physician  free  to  treat 
the  primary  agent  of  the  disease. 

Bronchospirochetosis  may  manifest  itself  as  an  acute  attack  or  it 
may  be  chronic  or  subacute  in  its  nature.  In  acute  cases  a  chill 
develops,  then  fever,  which,  according  to  Castellani,  seldom  exceeds 
39.5  C.  This  lasts  for  from  two  to  eight  days,  during  which  time  the 
patient  coughs  almost  continuously  and  complains  of  pains  all  over 
the  body.  The  expectoration  is  scanty,  mucopurulent,  very  seldom 
containing  traces  of  blood.  This  type  is  not  likely  to  be  found  often 
in  clinics  in  China,  since  the  patient  is  reluctant  to  consult  the  physician 
until  Chinese  medications  have  been  found  ineffective.  While  arsenicals 
})roduce  rapid  relief,  the  clinical  symptoms  may  disappear  even  without 
treatment. 

In  the  subacute  type  the  general  symptoms  are  similar  to  those  of 
the  acute  type,  but  there  may  be  hemoptysis  and  bronchitis,  with  slight 
crepitations. 

In  the  chronic  type  the  disease  may  have  been  slow  and  insidious 
in  onset,  or  the  patient  may  give  a  history  of  previous  acute  attacks. 
When  he  comes  for  treatment  he  has  a  chronic  cough,  the  sputum  is 
mucopurulent,  often  bloodstreaked,  while  in  many  instances  there  is 
considerable  hemoptysis.  There  may  be  moist  or  dry  rales  or  consoli- 
dation areas. 

In  many  cases  there  is  a  daily  rise  of  temperature,  sometimes 
reaching  as  high  as  40.5  C.  This  is  the  usual  type  of  patient  to  be 
dealt  with  in  China,  who  will  present  himself  at  the  tuberculosis  clinic. 
In  most  instances  rest  and  treatment  with  liquor  potassii  arsenitis 
(Fowler's  solution),  cacodylates,  arsphenamin,  or  neo-arsphenamin, 
will  bring  about  rapid  recovery  and  apparent  cure. 
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Cases  of  lung  gangrene,  empyema,  fetid  bronchitis  and  rhinitis  are 
on  record,  in  which  Spironcma  bronchialc  or  a  similar  organism  has 
been  the  only  pathogenic  body  isolated,  but  such  instances  are  rare 
compared  with  the  usual  chronic  type. 

Preliminary  inquiries  have  revealed  the  presence  of  bronchospiro- 
chetosis  in  the  following  centers  in  China:  Amoy,  Nanking.  W'usih. 
W'uchang,  Pao  Ting  Fu  and  Peking. 

Through  the  kindness  of  Dr.  J.  P.  Maxwell  I  can  report  three  cases 
of  simple  bronchospirochetosis  from  Amoy.  Fukien  Province,  with 
no  microscopic  evidence  of  tuberculosis.  Two  of  the  patients  were 
Northern  soldiers,  while  one  was  a  native  of  Fukien  Province.  They 
were  probably  all  of  the  chronic  type,  with  a  variable  amount  of  sputum, 
often  streaked  with  blood.  Treatment  with  tonics  and  potassium  iodid 
was  helpful  "as  far  as  immediate  results  were  concerned." 

Out  of  five  cases  found  positive  for  tubercle  bacilli  in  the  sputum  in 
the  Nanking  Hospital  in  September.  1921.  four  were  also  positive  for 
Spironema  bronchialc.  These  were  all  chronic  cases.  Dr.  Hutcheson 
has  recently  found  several  cases  of  simple  bronchospirochetosis. 

Lee's  record  -  for  Wusih  was  that  of  a  chronic  case,  with  a  history 
of  hemoptysis.  Repeated  examinations  for  tubercle  bacilli  were  vmsuc- 
cessful.     Sodium  cacodylate  per  orem  brought  about  rapid  recovery. 

In  September.  1921,  Dr.  J.  H.  Wylie  of  Paotingfu  brough  me  smears 
of  sputum  which  contained  Spironcma  bronchialc  in  large  numbers. 
Several  examinations  by  Dr.  W'ylie  revealed  no  tubercle  bacilli.  On 
entering  the  hospital,  the  patient  had  marked  hemoptysis,  which 
recurred  every  three  or  five  days.  He  was  quite  anemic.  He  remained 
in  the  hospital  about  three  weeks,  during  which  time  he  was  given  three 
intravenous  injections  of  neo-arsphenamin,  the  first  consisting  of  0.45 
gm.  and  the  second  and  third  of  0.6  gm.  each.  After  the  third  dose 
his  sputum  was  free  from  spirochetes.  Other  cases  have  more  recently 
come  to  Dr.  ^^'ylie's  attention,  including  one  with  a  history  of  syphilis 
and  one  in  which  death  resulted  from  pulmonary  tuberculosis. 

I  have  more  recently  been  able  to  confirm  the  presence  of  the  para- 
site in  patients  in  Peking  giving  similar  clinical  histories. 

Through  the  kindness  of  Dr.  C.  McA.  Wassell  I  have  had  an 
opportunity  to  study  several  cases  of  bronchospirochetosis  from  the 
Church  General  Hospital.  Wuchang.  Five  of  these  cases  ha\e  been 
available  for  analysis  and  are  briefly  presented  here. 

REPORT     CF     CASES 

C.^SE  1. — Chronic  Type   (Chart  1). 

History.  —  Chinese  soldier,  aged  25,  complained  of  profuse  expectoration, 
about  300  CO.  per  day,  blood  streaked;  loss  of  weight;  painful  cough  and  fever. 

Family  history — negative.  One  friend  died  of  hemoptysis  recently.  At  11 
years  of  age  he  had  profuse  nose  bleeding.     At  20  he  had  tertian  malaria.     At 
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21  he  had  gonorrhea.  June,  1920,  he  had  blood-tinged  expectoration  and  was 
treated  by  a  native  doctor.  He  has  not  been  well  since.  He  hap  had  recurrent 
attacks  with  fever,  expectoration,  but  no  night  sweats.  Two  months  previously 
he  suffered  exposure  on  a  long  march,  resulting  in  coryza  and  profuse  expec- 
toration.    This  condition  prevailed  up  to  the  time  of  his  examination. 

Physical  Examination. — On  admission  to  the  hospital  the  patient's  tempera- 
ture was  38.5  C. ;  pulse  76  and  respirations  20.  He  was  physically  weak, 
hollow  eyed,  with  cold  perspiration  all  over  the  body.  His  mind  was  clear; 
eyes  reacted  normally,  and  skin  was  of  a  good  color.  Nose,  lips,  palate  and 
pharynx  were  slightly  congested.  The  teeth  showed  some  caries  as  well  as 
pyrrhea.  Neck  glands  were  slightly  enlarged  in  left  submaxillary  region  but 
without  fluctuation.  Larynx  was  without  tracheal  tugging.  Chest  was  without 
deformation  and  with  normal  respiration.  On  percussion  a  dulness  was  dem- 
onstrated in  the  right  axilla  above  the  liver  and  in  the  right  scapular  area. 
The  right  lung  above  scapula  showed  coarse  crackling  rales,  which  were  quite 
audible  on  soft  coughing.  Fine  moist  rales  were  found  in  the  right  midaxillary 
line  between  the  eighth  and  ninth  ribs.  The  bones  and  extremities  were  normal. 
Reflexes,  normal. 
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Chart  1. — Wuchang  Case  1.  Simple  chronic  bronchospirochetosis. 


Laboratory  Data. — The  sputum  was  negative  for  tul^ercle  bacilli  after 
repeated  examinations,  but  was  positive  for  spirochetes  after  rinsing  of  the 
mouth.  The  feces  were  positive  for  ascaris,  ancylostoma  and  cysts  of  Endanicba 
dyscnterice  and  E.  coli.  The  urine  gave  an  acid  reaction,  was  orange  in  color 
and  had  a  specific  gravity  of  1.030.  On  entrance  the  blood  was  positive  for 
Plasmodium  vivax,  showed  a  red  count  of  4,450,000  and  a  white  count  of  12,700, 
with  75  per  cent,  hemoglobin.  Eosinophils  were  12  per  cent.  A  tentative  diag- 
nosis of  bronchospirochetosis  and  tertian  malaria  was  made. 

Clinical  Data. — On  the  day  after  admission,  the  patient  was  treated  intra- 
venously with  0.6  gm.  of  neo-arsphenamin.  The  temperature  remained  between 
37.5  and  38.2  C.  for  five  days,  although  there  was  a  general  note  of  improvement. 
On  the  seventh  day  the  temperature  rose  to  38.5  C,  whereupon  a  second  admin- 
istration of  neo-arsphenamin  was  made  (0.6  gm.).  The  temperature  then 
returned  to  normal  and  remained  so  until  the  patient  was  discharged.  Blood 
examination  on  the  fifth  day  showed  a  slight  increase  in  reds  (4,864,000)  and 
a  decrease  in  whites  (9,100),  with  a  marked  reduction  in  eosinophils  {6.2i  per 
cent.).  The  reds  increased  to  6,000,000  on  successive  examinations,  while  the 
white  count  was  reduced  to  7,000.  The  eosinophils  remained  high  until  clinical 
symptoms  disappeared.     On  the  eighth  and  successive  days  the  spirochetes  were 
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not  found  in  the  sputum.  At  the  same  time  the  lungs  became  clear,  the  rales 
and  dulness  disappeared  and  the  general  condition  of  the  patient  was  markedly 
improved.  He  was  discharged  on  the  ninth  day  and  three  months  later  showed 
no  recurrence. 

Case  2. — Chronic  Type  (Chart  2). 

History. — Chinese  farmer,  aged  18,  complained  of  dyspnea,  cough,  expectora- 
tion and  at  times  hemoptysis ;  also  ulcers  of  feet  due  to  wearing  grass  shoes. 
Family  history  negative.  No  disease  of  childhood,  except  chronic  profuse 
expectoration  since  9  years  of  age,  with  hemoptysis  at  12  years. 

Physical  Examuiation. — On  admission  to  the  hospital,  the  patient's  tempera- 
ture was  37.4  C,  pulse  100,  respirations  24.  He  was  of  ordinary  build  and 
fairly  well  nourished.  Intelligence  good ;  speech  alert.  Skin  good,  intact 
except  for  ulcers  on  feet.  Membranes  of  both  nares  red,  inflamed.  Lips  inflamed 
and  feverish.  Pharynx  without  exudate,  tonsils  normal.  Teeth  and  gums  good. 
Palate  normal,  no  laryngeal  tugging.  Glands  in  neck  enlarged  on  both  sides 
along  sternocleidomastoid  muscles.  Thyroid  somewhat  enlarged;  no  pulsations. 
Chest  full,  normal.  Dyspnea.  Right  axillary  space  dull  to  percussion.  Breath 
sounds  over  right  axillary  space  hard  and  tubular.  Few  fine  rales  under  right 
nipple  and  over  right  base  along  spinal  border.  Extremities  normal  except  for 
ulcers  on  feet. 

Laboratory  Dafo.— Sputum  negative  for  tubercle  bacilli  after  repeated  exam- 
ination, but  positive  for  spirochetes.  Feces  positive  for  ascaris.  Urine,  a  light 
straw  color,  acid  in  reaction,  with  a  specific  gravity  of  1.005;  positive  for  traces 
of  sugar.  On  entrance,  the  blood  was  negative  for  malaria,  with  a  red  count 
of  4,000,000  and  white  count  of  8,700.  Eosinophils  numbered  18  per  cent.  An 
admission  diagnosis  of  bronchospirochetosis  and  ulcer  of  the  foot  was  made. 

Clinical  Data. — Soon  after  admission  the  patient's  temperature  rose  to 
38.1  C,  then  dropped  to  36.8  C.  On  the  tenth  day,  0.45  gm.  neo-arsphenamin  was 
administered  intravenously.  The  temperature  was  reduced  and  remained  near 
normal  until  discharge,  twenty-six  days  after  entrance.  Spirochetes  disappeared 
from  the  sputum  two  days  after  administration  of  the  arsenical  and  did  not 
reappear.  Meanwhile  the  blood  picture  improved  (red  count  4,700,000,  white 
count  6,800)  although  the  eosinophilia  remained  pronounced  (from  16  to  17.5 
per  cent.).    The  patient  was  discharged  as  improved. 

Case  3. — Chronic  Type. 

History. — Chinese  soldier,  aged  25,  complained  of  weakness,  profuse  expec- 
toration, bad  cough,  hemoptysis.  Family  history  negative.  Patient  had  no 
illness  up  to  the  age  of  24  years,  at  which  time  he  had  hemorrhages,  cough  and 
weakness.  This  continued  intermittently,  becoming  more  pronounced  after 
extra  exertion. 

Physical  Examination. — On  admission  to  the  hospital  the  patient's  tempera- 
ture was  36.0  C,  pulse  90  and  respirations  20.  His  general  appearance  was 
normal.  Skin  negative.  Nose  slightly  inflamed  in  left  turbinal  area.  Lips, 
teeth,  palate,  neck  and  larynx  all  negative.  Chest  with  moist  bubbling  rales 
along  both  borders  of  sternum  and  at  left  apex.    Extremities  and  bones  negative. 

Laboratory  Data. — The  sputum  was  negative  for  tubercle  bacilli  on  suc- 
cessive examinations  but  was  positive  for  spirochetes.  The  feces  were  positive 
for  trichuris.  Urine  was  negative.  On  admission  the  red  cells  numbered 
6,100,000  and  the  white  cells  5,000.  Eosinophils  were  20  per  cent.  A  tentative 
diagnosis  of  bronchospirochetosis  was  made. 

On  the  day  after  admission  when  a  rise  in  temperature  was  observed,  the 
patient  was  treated  with  0.45  gm.  neo-arsphenamin.  This  caused  improvement 
so  that  on  the  fourth  day  the  sputum  became  negative  for  spirochetes,  and  the 
eosinophilia  was  reduced  one-half.  The  general  improvement  of  the  patient 
was  soon  observed.  He  left  the  hospital  on  the  sixth  day,  but  returned  two 
days  later  for  a  second  administration  of  0.45  gm.  neo-arsphenamin.  He  was 
apparently  helped. 


FA  UST—BRONCHOSPIROCHETOSIS 


349 


'f 

1 

t 

> 

i^ 

^ 

\ 

D 

\ 

• 

• 

XT'. 

.^, 

< 

— 

3 

> 

» 

#-- 

'•  — 

.  ^. 

<, 

^ 

—  - 

D 

^' 

• 

.^ 

> 

<" 

»• 

•^^ 

-^ 

^' 

^ 

> 

> 

^ 

^ 

s 

V' 

; 

t^ 

r 

\  ' 

c 

^ 

s. 

"*" 

> 

K 

Q 

> 

i^ 

> 

.< 

=^ 

) 

>*« 

-^ 

-~ 

V 

> 

-— 

— 

> 

< 

s 

:> 

( 

il 

j-»- 

•i; 

^ 

> 

V 

( 

^> 

.^ 

> 

<^ 

f 

A 

< 

^^ 

»i^ 

' 

) 

>?f 

< 

i 

<' 

• 

J 

,^ 

»' 

1 

_, 

.-—4 

i^ 

^ 

^ 

i  KV' 

— 

—" 

< 

•s 

'-• 

-^ 

^ 

** 

*■->• 

> 

\ 

«r' 

* 

N 

1 

O) 

• 

L. 

u 


350 


ARCHIVES    OF    IXTERXAL    MEDICINE 


Case  4.  —  Pulmonary  tuberculosis  complicated  bv  bronchospirochetosis 
(Chart  3). 

History. — Chinese  soldier,  aged  24,  complained  of  expectoration  and  dyspnea. 
Family  history  negative.  Past  history  with  record  of  smallpox,  malaria  and 
gonorrhea.  Two  months  previously  patient  noted  pinkish  sputum  and  felt  ill. 
He  had  night  sweats  and  afternoon  fever.  He  became  weaker  day  by  day  with 
increased  dyspnea.    Stool  was  fluid  since  attack. 

Physical  Examination. — On  admission  the  patient's  temperature  was  37.8  C, 
his  pulse   126,  and  his   respiration  26.     Nutrition  poor;  malaise.     Anemia  pro- 
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Chart  3. — Wuchang  Case  4.  Pulmonary  tuberculosis  complicated  by  broncho- 
spirochetosis. 


nounced  in  eyes,  lips,  skin  and  gums.  Neck  glands  hard ;  no  enlargement  or 
pulsation.  Tactile  fremitus  decreased  in  right  axilla.  Dulness  over  a  triangular 
area  under  right  axilla  and  behind  this  area.  Moist  rales  above  and  between 
these  areas.     Extremities  and  bones  negative.     Reflexes  normal. 

Laboratory  Data. — The  sputum  was  positive  for  tubercle  bacilli  and  for 
spirochetes.  Feces  were  positive  for  ascaris  and  for  Endameba  coli  cysts. 
Urine  was  yellow,  acid  in  reaction,  of  a  specific  gravity  of  1.010,  with  a  slight 
trace  of  sugar.  The  red  count  was  4,400,000  on  admission  while  the  white 
count  was  10.500.  Eosinophils  were  less  than  1  per  cent.  A  tentative  diagnosis  of 
pulmonary  tuberculosis  and   of  bronchospirochetosis   was  made. 
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Clinical  Data. — Two  days  after  admission,  0.6  gni.  neo-arsphenamin  was 
administered  intravenously.  This  was  followed  by  profuse  sweating  and  a  chill, 
with  a  reduction  of  temperature  to  35.0  C.  After  two  days  it  mounted  to  37.8  C. 
On  the  sixth  day,  a  second  administration  of  0.6  gm.  neo-arsphenamin  was 
given,  which  was  followed  by  a  chill.  Temperature  remained  irregular  up  to 
the  time  the  case  left  the  hospital.  The  sputum  was  negative  for  spirochetes 
after  the  fifth  day  but  remained  positive  for  tubercle  bacilli.  The  red  cells  rose 
to  5.745,000  and  the  white  cells  were  reduced  to  6,700  after  one  week's  time,  but 
the  general  condition  of  the  patient  did  not  improve. 

Case  5. — Pulmonary  tuberculosis  complicated  by  bronchospirochetosis. 

History. — Chinese  cloth-weaver,  aged  29,  complained  of  cough,  tightness  in 
chest,  dizziness,  borborygmus,  fever  and  pain  in  right  breast.  One  sister  and 
an  intimate  friend  gave  histories  of  hemoptysis.  Diseases  of  childhood  were 
confined  to  malaria  and  epistaxis.  A  year  ago  the  patient  had  coma  and  numb- 
ness of  the  extremities,  followed  by  dyspnea  and  dizziness  about  once  a  month. 
Patient  denied  having  night  sweats  or  afternoon  fever  or  any  exposure.  Three 
months  ago  he  had  chills  and  fever  followed  by  cough  and  sore  throat.  A 
white  mucoid  expectoration  developed  and  a  month  later  blood  was  found  in 
the  sputum.     This  continued   intermittently  until  he   entered  the  hospital. 

Physical  Examination. — On  admission  the  patient's  temperature  was  38.4  C, 
his  pulse  88,  and  his  respirations  20.  He  had  a  well  developed  body,  was  well 
nourished,  although  slight  anemia  was  evident.  The  lips  were  dry  and  feverish. 
Gums  showed  anemia.  Tonsils,  palate  and  pharynx  were  negative.  No  enlarged 
neck  glands.  Dulness  in  right  lung  near  scapula.  Rales  were  noted  both  on 
expiration  and   inspiration.     Extremities  were  normal.     Reflexes,   normal. 

Laboratory  Data. — The  sputum  was  positive  for  spirochetes  on  admission 
and  was  later  found  to  contain  tubercle  bacilli.  The  feces  were  positive  for 
ascaris.  The  urine  was  yellow,  gave  an  acid  reaction,  had  a  specific  gravity 
of  1.018  and  showed  a  slight  trace  of  sugar.  The  red  cell  count  was  4,000,000 
and  the  white  cell  count  was  12,000.  Eosinophils  were  less  than  1  per  cent.  A 
tentative  diagnosis  of  pulmonary  tuberculosis  and  bronchospirochetosis  was 
made. 

Clinical  Data. — The  day  after  admission,  the  patient  was  given  0.6  gm.  neo- 
arsphenamin,  which  was  followed  by  a  chill  and  profuse  sweating.  For  the 
next  three  days  the  temperature  ranged  .from  37  to  38  C.  On  the  sixth  day  a 
second  administration  of  0.6  gm.  neo-arsphenamin  was  given,  which  was  without 
marked  reaction.  The  spirochetes  disappeared  from  the  sputum  two  days  after  the 
first  injection  of  neo-arsphenamin.  The  blood  picture  on  the  sixth  day  showed 
5,400.000  red  cells  and  6,900  white  cells  with  no  increase  in  eosinophils.  On 
the  eleventh  day  the  temperature  and  other  symptoms  showed  such  improvement 
that  the  patient  asked  to  be  dismissed. 

DISCUSSION 
A  survey  of  the  Chinese  cases  of  bronchospirochetosis  indicates 
two  things.  In  the  first  place,  a  certain  proportion  of  the  subjects  have 
pulmonary  tuberculosis  as  a  primary  infection  with  a  secondary 
spirochetosis.  Secondly,  cases  of  simple  bronchospirochetosis  are  usually 
of  the  chronic  type,  giving  a  history  of  recurrent  cough  and  hemoptysis 
for  a  period  of  from  one  to  ten  years.  They  differ  markedly,  then, 
from  Chalmers  and  O'Farrell's  experimental  case  *  and  from  the  cases 
cited  by  Bloedorn  and  Houghton."  In  Chalmer's  case  the  infection 
was   under   observation   from   the   day   of   its   inception.      In   each   of 


5.  Bloedorn,   W.   A.,   and   Houghton,   J.    E. :    Bronchial    Spirochetosis,   J.   A. 
M.  A.  76:1559  (June  4)   1921. 
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Bloedorn  and  Houghton's  cases  only  a  few  days  elapsed  from  the  time 
the  patient  noticed  the  acute  attack  until  he  came  to  the  hospital  for 
treatment.  In  simple  acute  cases  the  picture  is  uncomplicated  by  other 
activating  agents  of  disease.  The  observations  are  easily  made  and  the 
symptoms  are  readily  attributed  to  the  single  infective  agent.  These 
cases  are  also  easily  studied  from  the  temperature  graph. 

Chinese  cases  are  not  so  readily  reduced  to  simple  formulas. 
Granted  that  acute  attacks  of  bronchospirochetosis  are  not  uncommon 
among  the  Chinese,  the  fact  that  the  patient  in  many  communities 
comes  to  the  hospital  as  a  last  resort  means  that  the  case  has  run  a 
considerable  course  and  has  probably  recurred  several  times  before  the 
physician  has  an  opportunity  to  observe  and  treat  it.  The  temperature 
in  such  chronic  cases  is  lower  and  less  regular  than  in  acute  cases. 
When  the  primary  infection  is  pulmonary  tuberculosis,  both  temperature 
and  pulse  are  erratic  and  remain  irregular  after  the  spirochetes  dis- 
appear from  the  sputum.  In  other  words,  relief  from  the  spirochetosis 
does  not  appreciably  simplify  the  picture. 

In  acute  bronchospirochetosis,  arsenicals,  injected' intravenously,  give 
immediate  relief.  The  fever  drops,  the  pulse  becomes  regular  and 
the  respiration  normal.  This  important  improvement  is  obtained  from 
the  initial  dose  but  ordinarily  a  second  and,  perhaps,  a  third  administra- 
tion are  necessary  for  recovery.  Bloedorn  and  Houghton  used  0.6  gm. 
neo-arsphenamin  as  an  initial  dosage,  followed  by  0.5  gm.  (?),  and 
then  by  0.9  gm.,  repeated  at  weekly  intervals.  The  first  three  injections 
were  apparently  necessary  for  recovery,  although  immediate  administra- 
tion of  the  arsenical  on  admission  to  the  hospital,  instead  of  two  weeks 
later,  might  have  reduced  the  amount  of  treatment  necessary.  In  the 
Chinese  cases,  in  spite  of  the  chronic  nature  of  the  infection,  arsenicals 
are  specific  and  relatively  rapid  in  their  spirocheticidal  properties.  Wylie 
gave  an  initial  dose  of  0.45  gm.  and  a  second  and  third  dose'of  0.6  gm., 
each.  A  similar  result  was  obtained  for  Wuchang  Case  1,  although 
the  amount  of  neo-arsphenamin  was  slightly  larger.  The  temperature 
drops  almost  immediately  after  each  injection  and  is  not  followed  by 
chills  and  sweats  as  when  complicated  by  pulmonary  tuberculosis.  It 
remains  nearly  normal  after  the  second  dose,  although  the  spirochetes  do 
not  usually  disappear  until  some  time  later.  Furthermore,  there  is 
usually  a  marked  general  improvement.  The  effect  of  this  spirocheticide 
on  the  disease,  even  in  an  aggravated  chronic  stage,  apparently  meets 
Manson-Bahr's  objection  ®  that  the  causal  relationship  of  Spironema 
bronchiole  to  the  bronchial  infection  in  which  it  is  found  has  not  been 
proved. 


!M 


6.  Manson-Bahr,  P.  H. :  Manson's  Tropical  Diseases,  a  Manual  of  the  Dis- 
eases of  Warm  Climates,  London,  Cassell  and  Co.,  1921,  960  pp. 
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In  tuberculous  infections  (Wuchang,  Cases  4  and  5)  the  administra- 
tion of  arsenicals  ehminated  spirochetes  from  the  sputum  but  did  not 
materially  relieve  the  patient.  Temperature  and  irregular  pulse  persisted, 
while  no  bodily  improvement  was  noted. 

The  administration  of  potassium  iodid,  sodium  cacodylate  and  other 
therapeutic  agents  has  been  found  valuable  in  bronchospirochetosis,  but 
per  orem  treatments  do  not  have  such  specific  properties  as  does  the 
intravenous  administration  of  arsenicals.  Single  doses  of  the  latter 
alleviate,  but,  apparently,  a  cumulative  effect  is  required  for  killing  the 
spirochete. 

A  most  interesting  phase  of  the  study  of  bronchospirochetosis  is 
the  blood  picture.  In  all  cases  on  record  there  is  a  reduction  in  red 
cells  and  a  reduced  hemoglobin  percentage.  The  leukocytes  may  be 
either  reduced,  increased  or  normal.  In  one  of  Chalmers  and  O'Farrell's 
cases,  an  Arab,  the  red  cells  numbered  3,648,000  per  c.  mm.  during  the 
attack  and  4,400,000  per  c.  mm.  during  the  interval  between  attacks, 
with  80  per  cent,  hemoglobin  during  the  attack  and  100  per  cent, 
in  the  interval.  There  was  a  marked  leukopenia,  2,719  per  c.  mm., 
with  eosinophils  2.6  per  cent,  of  the  total. 

Nolf's  case  2,^  the  only  one  of  his  histories  with  a  complete  leukocyte 
picture,  showed  a  slight  leukopenia  (from  4,400  to  4,800),  with  1  per 
cent,  eosinophils. 

The  Chinese  cases  reviewed  vary  as  to  the  red  count,  but  all  show  a 
reduction  in  the  number  of  cells  and  in  the  percentage  of  hemoglobin. 
One  case  shows  a  leukopenia  (5,000),  one  case  is  only  slightly  above 
normal,  while  three  cases  show  a  leukocytosis.  In  each  case  the  picture 
approaches  normal  with  treatment.  Of  greater  interest,  however,  is  the 
grouping  on  the  basis  of  the  eosinophils.  With  tuberculous  complica- 
tion the  eosinophil  count,  as  observed,  is  less  than  1  per  cent.  In  the 
other  three  cases  (simple  infection)  eosinophilia  is  extremely  high 
(from  12  to  20  per  cent.).  This  high  percentage  is  reduced  after  treat- 
ment. It  seems  worth  while,  therefore,  to  inquire  into  the  possible 
value  of  the  eosinophil  index  as  a  means  of  ascertaining  whether 
bronchospirochetosis,  as  determined  by  detection  of  the  spirochete  in  the 
sputum,  is  a  simple  infection  or  constitutes  part  of  a  more  complicated 
picture. 

If  one  regards  all  varieties  of  spirochetes  of  the  respiratory  tract 
(exclusive  of  the  mouth)  as  Spironema  br one hiale,  hut  capable  of 
different  manifestations,  the  organism  must,  then,  be  considered  as 
highly  adaptive.  However,  Nolf's  organism  '^  differs  considerably  from 
the  typical  agent  of  bronchospirochetosis  both  in  structure  and  in  the 
effect  on  the  host.     It  seems  probable,  therefore,  that  it  belongs  to  a 


7.  Nolf,  P. :  Fetid  Spirillar  Bronchitis  and  Pulmonary  Gangrene,  Arch.  Int. 
Med.  25:429  (April)  1920. 
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different  group.  There  yet  remain  those  types  causing  rhinitis,  those 
with  bronchial  and  lobar  involvement  and  those  with  only  bronchial 
infection.  There  is  also  the  record  of  bronchial  spirochetosis  with 
pleural  involvement  (Mason  *).  It  seems  possible  that  careful  examina- 
tion will  reveal  all  of  these  several  types  in  China. 

In  cases  that  have  been  called  to  my  attention,  the  spirochetes  are 
more  readily  demonstrated  in  subacute  cases  than  in  chronic  ones. 
Furthermore,  there  is  some  evidence  to  support  the  view  that  they  can 
be  recovered  more  easily  from  mucopurulent  sputum  several  hours  after 
an  attack  of  hemoptysis  than  in  the  blood  streaked  sputum. 

While  the  records  from  China  cited  here  are  incomplete  and  sliow 
the  need  of  further  observation,  it  is  hoped  that  these  preliminary  data 
will  serve  as  a  stimulus  to  observation  of  the  disease  in  other  centers 
in  China,  and  to  more  thorough  study  of  both  the  clinical  and  laboratory 
evidence  of  the  infection.  Such  study  is  especially  important  in  view 
of  the  widespread  incidence  of  pulmonary  tuberculosis  in  China. 
Detection  and  treatment  of  simple  infection  with  bronchial  spirochetes 
will  not  only  bring  immediate  relief  to  such  cases  but  will  reduce  the 
amount  of  routine  observation  and  diagnosis  in  suspected  tuberculosis 
patients  who  do  not  react  to  tuberculin. 


8.  Mason,  V.  R. :    Pleural  Spirochetosis,  Johns  Hopkins  Hosp.  Bull.  31:435, 
1920. 


TETANY 

A    REPORT    OF    CASES     WITH     ACID-BASE    DISTURBANCE  * 

SAMUEL    B.    GRANT,    M.D. 

BOSTON 

The  symptoms  of  tetany  occur  in  a  number  of  widely  differing 
conditions,  such  as  disease  of  the  stomach,  overdosage  with  sodium 
bicarbonate,  prolonged  hyperpnea,  absence  of  the  parathyroid  glands, 
and  in  infants  as  a  clinical  entity  often  associated  with  rickets.  Recently 
there  has  been  a  considerable  amount  of  research  into  the  physiologic 
phenomena  underlying  the  increased  irritability  of  nervous  and  muscular 
tissues  in  these  conditions,  and  various  theories  as  to  its  etiology  have 
been  advanced.  The  chief  of  these  are  that  it  is  due  to  a  disturbance  of 
the  acid-base  equilibrium  in  the  body  and  to  a  disturbance  of  the  calcium 
metabolism.^ 

Acid-base  disturbance,  consisting  of  an  increase  in  the  ratio  of 
sodium  bicarbonate  to  carbonic  acid,  is  found  in  overdosage  with  sodium 
bicarbonate,  in  prolonged  hyperpnea  and  in  pyloric  obstruction.  The 
uniform  hydrogen  ion  concentration  of  the  body  fluids  is  largely  depen- 
dent on  the  maintenance  of  a  constant  ^l  qq  '  ratio,  according  to  the 
generally  accepted  view,  and  any  marked  increase  in  the  ratio  might 
be  expected  to  result  in  a  shifting  of  salt  balance,  and  physiological 
disturbances  in  the  body. 

In  overdosage  with  sodium  bicarbonate  (NaHCOg)  this  agent  is 
added  to  the  blood  faster  than  it  is  neutralized  or  excreted,  hence  the 
"alkali  reserve"  becomes  greatly  increased,^  and  there  is  presumably 
an  increase  in  the  ratio.  In  hyperpnea  the  carbonic  acid  in  the  blood 
is  decreased  by  washing  out  of  carbon  dioxid  faster  than  sodium 
bicarbonate  is  decreased  by  excretion  or  neutralization,  and  there  is 
thus  a  relative  excess  of  alkali,  and  an  increase  in  the  ratio. ^  In 
tetany  with  pyloric  obstruction  the  explanation  is  held  to  be  quite 
different.  Hydrochloric  acid,  formed  by  the  reaction  NaCl  +  H2CO3 
==  H  CI  -\-  Na  H  CO3,  is  secreted  into  the  stomach,  but  in  the  presence 
of  pyloric  obstruction  cannot  pass  through  to  the  intestines  to  stimulate 
the  alkaline  intestinal  secretion.     There  is.  therefore,  left  in  the  blood 


*  From  the  Medical  Clinic  of  the  Peter  Bent  Brigham  Hospital. 
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an  excess  of  sodium  bicarbonate.  This  view  is  supported  by  the  work 
of  McCann,^  who  reported  an  increase  in  the  plasma  carbon  dioxid 
capacity  of  animals  in  experimental  tetany  accompanying  pyloric  obstruc- 
tion, MacCallum  and  his  co-workers  *  have  added  the  observation 
that  blood  chlorids  are  reduced,  and  Hastings,  Murray  and  Murray  ^ 
have  found  the  blood  sodium  content  also  decreased.  It  seems  not 
unlikely  that  the  chlorid  content  is  reduced  by  the  secretion  of  hydro- 
chloric acid  into  the  stomach  and  loss  by  vomiting,  and  possibly  sodium 
is  decreased  by  excretion  in  an  alkaline  urine. 

Calcium  deficiency  in  the  blood  has  repeatedly  been  found  in  para- 
thyroid tetany*'  and  in  infantile  tetany  (Rowland  and  Marriott;^ 
Kramer,  Tisdall  and  Rowland^),  The  majority  of  investigations 
indicate  that  there  is  no  "alkalosis"  in  these  conditions.  MacCallum  * 
Tokuji  and  Togawa^  and  Hastings  and  Murray^  were  unable  to  find 
the  increase  of  plasma  carbon  dioxid  reported  by  McCann  ^  in  para- 
thyroidectomized  dogs.  Wilson  and  his  co-workers  ^  concluded,  from 
studies  of  the  dissociation  constant  of  hemoglobin,  the  alveolar  carbon 
dioxid  pressure,  the  hydrogen  ion  concentration  of  blood  and  urine, 
the  ammonia  content  and  total  acidity  of  urine,  that  there  is  an 
"alkalosis"  in  parathyroid  tetany.  Greenwald  ^  has  recently  advanced 
objections  to  the  conclusions  drawn  from  this  work, 

Noel  Paton,  Findlay  and  Watson  ^  have  found  an  increase  in 
guanidin  and  methyl  guanidin  in  the  blood  and  urine  in  parathyroid  and 
infantile  tetany.  They  corroborate  the  observation  of  other  investiga- 
tors that  administration  of  guanidin  and  methyl  guanidin  results  in 
hyperexcitability  very  sirnilar  to  that  seen  in  tetany. 

In  a  recent  paper  Freudenberg  and  Gyorgy  ^°  have  attempted  to 
correlate  all  forms  of  tetany  as  being  due,  in  the  final  analysis,  to 
calcium  deficiency  in  the  tissues.  It  is  well  recognized  that  such  a 
deficiency  leads  to  hyperexcitability  in  irritable  tissues.  Their  theory  is 
based,  am.ong  other  things,  on  the  observations  that  calcium  union  with 
colloids  may  be  influenced  by  changes  in  hydrogen  ion  concentration, 
by  changes  in  calcium  ion  concentration,  and  by  such  substances  as 
phosphate,  acetate,  nitrate  and  bicarbonate  ions,  and  by  protein  deriva- 
tives with  free  amido  groups,  such  as  methyl  and  trimethylamin, 
guanidin,  methyl  guanidin,  creatin,  etc.  They  state,  that  in  conditions 
in  which  there  is  an  increase  in  the  ratio  of  sodium  bicarbonate  to 
carbonic  acid,  free  calcium  ions  in  the  blood  decrease,  being  added  to 
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the  total  of  calcium  bound  with  colloids  in  the  blood.  As  a  result 
of  this,  the  equilibrium  between  ionized  blood  calcium  and  calcium 
bound  with  tissue  colloids  is  disturbed,  calcium  enters  the  blood  stream 
from  the  tissues,  and  increased  irritability  occurs.  The  calcium  content 
in  the  blood  should,  therefore,  be  increased,  and,  as  a  matter  of  fact, 
very  slight  increases  in  serum  calcium  have  been  reported  in  tetany  of 
hyperpnea  ^  and  in  tetany  with  experimental  pyloric  obstruction.^  The 
occurrence  of  tetany  without  this  acid-base  disturbance  they  explam 
by  the  action  of  the  protein  derivative  substances  with  free  amido 
groups.  These  directly  restrict  calcium  union  with  colloids,  thus  decreas- 
ing tissue  calcuim,  and  causing  increased  irritability.  Calcium  enters 
the  blood  from  the  tissues,  causing  presumably  an  increased  blood 
calcium  content  at  the  outset.  But  by  calcium  excretion  the  equilibrium 
between  blood  and  tissue  is  reestablished,  blood  calcium  being  adjusted 
to  the  lower  level  of  tissue  calcium.  In  this  process  the  percentage  of 
diffusible  calcium  in  the  blood  should  not  be  altered,  and  Meysenbug 
and  McCann  ^^  have  found  the  same  percentage  of  diffusible  calcium 
in  normal  blood  and  in  the  calcium  poor  blood  of  dogs  with  parathyroid 
tetany. 

This  theory  of  Freudenberg  and  Gyorgy,^^  although  very  interesting, 
is  by  no  means  proved,  and  is  not  without  objections.  For  instance, 
the  carbon  dioxid  tension  of  serum  was  varied  from  17  to  62  mm. 
by  Meysenbug  and  his  co-workers  ^^  without  any  detectable  change  in 
the  percentage  of  diffusible  calcium. 

Luckhardt  and  Rosenblom  ^^  found  that  tetany  could  be  prevented 
in  parathyroidectomized  dogs  by  injecting  Ringer's  solution  intra- 
venously two  or  three  times  daily.  This  procedure  causes  a  marked 
diuresis,  and  presumably  the  elimination  from  the  body  of  toxic  sub- 
stances such  as  guanidin.  When  the  injections  were  stopped,  symptoms 
of  tetany  developed.  Of  particular  interest  is  the  observation  of  these 
investigators  that  calcium  free  Ringer's  solution  produced  the  same 
effect  as  ordinary  Ringer's  solution,  tetany  being  prevented  when  it 
was  injected,  occurring  when  the  injections  were  stopped,  and  ceasing 
when  they  were  started  again.  Thus,  as  the  authors  state,  the  produc- 
tion of  diuresis  is  apparently  more  important  than  the  administration 
of  calcium  in  preventing  tetany.  However,  it  cannot  be  concluded  from 
the  fact  that  calcium  free  Ringer's  solution  prevented  tetany,  that  there 
is  no  disutrbance  of  calcium  balance  in  this  condition.  Any  procedure 
causing  marked  diuresis  would  probably  have  the  same  effect. 


11.  Meysenbug  and  McCann:   J.  Biol.  Chem.  47:541,  1921. 
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Six  cases  of  tetany  in  adults,  in  which  various  interesting  points  are 
illustrated,  have  been  studied  at  the  Peter  Bent  Brigham  Hospital. 
Four  of  these  were  observed  by  me,  and  two  were  taken  from  the 
case  histories  in  the  hospital  records. 

REPORT     OF     CASES 

Case  \.— History.— ].  E.  W.  (Med.  No.  17581),  a  clerk,  aged  20,  entered  the 
hospital  Jan.  13,  1922,  with  a  historj-  of  intermittent  epigastric  distress,  heart- 
burn, gaseous  eructation,  nausea  and  vomiting  extending  over  a  period  of  two 
years.  For  three  weeks  prior  to  admission  he  had  had  severe  stabbing  and 
cramping  pains  in  the  epigastrium,  copious  vomiting  and  spasms  of  the  hands 
and  feet,  the  latter  occurring  almost  daily  for  about  a  week.  Because  of  these 
spasms  there  had  been  difficulty  in  handling  small  objects. 

Examination.- — The  Roentgen  ray  showed  a  greatly  dilated  stomach  and  almost 
complete  pyloric  obstruction.  Fractional  gastric  analysis  disclosed  marked 
hyperacidity,  free  hydrochloric  acid  in  10  c.c.  of  the  fasting  contents,  and  in 
three  specimens  removed  at  forty  minute  intervals  after  the  test  meal,  titrating 
with  6.8,  8.5,  13  and  8  c.c.  of  decinormal  sodium  hydroxid,  respectively. 

Acid-Base  Equilibrium  in  Case  1 


Plasma  CO; 
Capacity 
in  Vol.  •% 

•January  18 93 

.January  19 86 

.January  20 87 

January  21 83 

January  23 69 

January  25 72 

January  26 63 

January  31 59 

February  13 69 


Plasma 

Whole  Blood 

Serum 

Chlorid  * 

Chlorid 

Calcium  t 

Mg.  NaCl 

Mg.  NaCl 

Mg. 

per  lOO  C.c. 

per  100  C.c. 

per  100  C.c 

600 
571 
600 


250 


436 


*  Method  of  Folin  and  Whitehorn. 
t  Method  of  Kramer  and  Tisdall. 

Course. — With  rest  in  bed  and  atropin,  0.0005  gm.  by  mouth,  three  times  a  day, 
and  the  same  dose  hypodermically  on  five  occasions  during  attacks  of  pain,  the 
vomiting  rapidly  decreased,  and  in  a  few  days  the  pains  occurred  only  once  in 
twenty-four  hours.  On  two  occasions  there  were  transient  spasms  of  the  hands, 
but  unfortunately  these  occurred  at  about  2  a.  m.,  and  were  not  observed.  There 
was  a  definite  Chvostek  sign  of  tetany,  i.  e.,  tapping  the  face  over  the  seventh 
nerve  caused  a  contraction  of  the  muscles  of  the  upper  lip.  Compressing  the 
arm  above  the  elbow  resulted  in  tingling  and  numbness  in  the  hands,  and  the 
fingers  invohmtarily  became  partially  flexed,  but  no  definite  spasm  occurred.  On 
reference  to  the  accompanying  table  it  is  seen  that  January  18  the  plasma  carbon 
dioxid  capacity  was  found  to  be  greatly  elevated.  January  20,  the  plasma 
chlorids,  and  especially  the  whole  blood  chlorids,  were  reduced,  the  latter  to  50 
per  cent,  of  normal.  After  January  20  the  epigastric  pain  and  cramps  ceased, 
and  the  patient  did  not  vomit,  except  once  January  22  and  again  January  25. 
The  plasma  carbon  dioxid  capacity  and  the  plasma  chlorids  became  normal  by 
January  26.  On  this  day.  after  the  blood  analysis  had  been  done,  a  large  duo- 
denal ulcer  was  found  at  operation,  and  a  gastro-enterostomy  was  performed. 
Convalescence  was  uneventful,  and  symptoms  of  tetany  did  not  recur.  The  serum 
calcium  content  throughout  was  within  the  upper  limits  of  normal.  The  fact 
that  the  whole  blood  chlorid  was  so  markedly  decreased,  compared  with  the 
relatively  small  decrease  of  plasma  chlorid.  indicates  that  the  blood  cells  must 
have  been  virtuallv  free  of  chlorin. 
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Case  2. — History. — G.  B.  B.  (Aled.  No.  14040),  a  foundryman,  aged  43,  with 
a  history  of  abdominal  pain  and  frequent  vomiting  for  thirteen  years,  and 
occasional  attacks  of  "cramps"  in  the  arms  and  legs  for  five  years,  entered  the 
hospital  July  22,  1920,  with  well  developed  signs  of  tetany.  The  forearms,  hands 
and  fingers  were  in  continuous  flexion. 

Examination. — The  roentgen  ray  showed  a  dilated  stomach  and  almost  com- 
plete pyloric  obstruction.  The  plasma  carbon  dioxid  capacity  was  87.8  volume 
per  cent. 

Course. — Sodium  chlorid  was  given  per  rectum,  intravenously  and  by  mouth, 
coincident  with  some  improvement  in  the  patient's  condition,  but  without  evidence 
of  the  causal  relationship  of  this  therapy  to  the  improvement,  the  patient  having 
recovered  from  his  previous  attacks  spontaneously.  The  excretion  of  chlorid  in 
the  urine  was  greatly  below  normal,  analysis  of  twenty-four  hour  urine  speci- 
mens of  the  second  to  the  fifth  day  in  the  hospital  showing  0.50,  1.5,  0.81,  and  1.8 
gm.,  respectively.  This  may  be  accounted  for,  in  part,  by  the  small  amount  of 
food  which  the  patient  was  retaining.  Unfortunately,  the  chlorid  content  of  the 
blood  was  not  determined.  The  plasma  carbon  dioxid  capacitv  remained  greatlv 
elevated.  July  23,  24,  26,  27,  30  and  August  2  it  was  98,  96.  84,  77,  79  and  75.5 
volume  per  cent.,  respectively.  The  patient's  general  condition  improved,  and  the 
soasm  relaxed,  but  did  not  disappear  completely.  Permission  to  operate  for  relief 
of  pyloric  obstruction  was  refused,  and  the  patient  was  discharged  against  advice 
August  3,  still  having  occasional  attacks  of  vomiting,  and  spasm  of  the  hands 
when  at  rest.    One  year  later  it  was  learned  that  the  patient  was  dead. 

Case  3. — History. — J.  W.  (Med.  No.  6164),  a  stage  hand,  aged  55,  entered  the 
hospital  Feb.  19,  1917,  with  a  history  of  epigastric  distress  and  vomiting  for 
three  months,  and  rapid  loss  of  weight.  The  day  before  death,  after  three  days 
of  very  frequent  vomiting,  he  was  found  to  have  typical  spasms  of  tetany  in 
the  hands  and  forearms.  One  hour  and  fifteen  minutes  before  death  there  was 
a  "sort  of  convulsion,"  the  patient  stopped  breathing  for  a  short  while,  and 
then  breathed  irregularly  until  death. 

Xccropsy  disclosed  an  annular  constricting  carcinoma  at  the  junction  of 
the  duodenum  and  jejunum.  The  stomach,  pylorus  and  duodenum  were  greatly 
dilated.  Liver,  gallbladder  and  bile  ducts  were  normal.  Unfortunately,  no 
blood  analysis  was  done  on  this  patient.  However,  the  case  is  interesting,  inas- 
much as  the  obstruction  was  at  the  end  of  the  duodenum,  allowing  the  secre- 
tion of  the  alkaline  bile  and  pancreatic  fluids  to  be  stimulated  by  the  gastric 
contents.  Fractional  gastric  analysis  had  shown  a  normal  amount  of  free  and 
combined  acid  in  the  stomach  contents.  Apparently  the  secretion  of  acid  was 
relatively  greater  than  that  of  alkali. 

Case  A.— History.— ¥.  L.  (Med.  No.  14833),  a  female  clerk,  aged  23,  was 
admitted  to  the  hospital  Nov.  23.  1920,  with  gastric  symptoms  of  three  years' 
duration. 

Examination. — The  roentgen  ray  confirmed  the  diagnosis  of  gastric  ulcer, 
and  treatment  by  the  Sippy  method  was  started. 

Course. — Because  free  acid  persisted  in  portions  of  the  gastric  contents 
removed  during  the  night,  administration  of  alkali  was  rapidly  increased,  until 
the  patient  was  receiving  10  gm.  sodium  bicarbonate  every  hour,  and  1.2  gm. 
magnesium  oxid  and  3  gm.  calcium  carbonate  at  alternate  hours,  from  7:30 
a.  m.  to  7 :  30  p.  m.  At  the  end  of  the  fifth  day  of  this  medication  she  felt 
nauseated,  vomited  once,  for  the  first  time  during  treatment,  and  noticed  a 
prickling  sensation  in  the  hands,  and  "stiffness"  in  the  face.  The  mouth  became 
somewhat  puckered  up,  so  that  there  was  difficulty  in  speaking,  and  the  eyelids 
were  partially  closed.  Spasm  developed  in  the  hands,  the  fingers  becoming 
partially  flexed,  and  the  patient  was  unable  to  open  them  to  hold  a  drinking 
glass.  This  persisted  for  only  a  few  minutes,  and  in  about  ten  minutes  the 
patient  felt  entirely  normal.  Administration  of  alkali  was  discontinued,  and  no 
further  spontaneous  spasm  occurred.  The  following  morning  the  plasma  car- 
bon dioxid  capacity  was  90.5  volume  per  cent.  At  this  time  there  was  a  definite 
Trousseau  sign  of  tetany,  i.  e.,  compressing  the  arm  above  the  elbow  resulted  in 
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tingling  and  prickling  sensations  in  the  hand,  gradual  flexion  of  the  fingers  at 
the  metacarpal  phalangeal  joints  and  adduction  of  thumb.  The  patient  could 
not  voluntarily  overcome  this  spasm.  There  was  also  a  faint  Chvostek  sign, 
tapping  over  the  facial  nerve  caused  slight  twitching  of  the  muscles  about  the 
mouth.  These  signs  decreased  somewhat,  and  Sippy  treatment,  with  smaller 
doses  of  alkali,  was  again  instituted.  Three  days  after  the  appearance  of 
tetany  there  were  still  signs  of  latent  tetany,  and  the  plasma  carbon  dioxid 
capacity  was  91  volume  per  cent.  Ten  days  later,  when  there  were  no  signs  of 
tetany,  it  was  71  volume  per  cent. 

Case  S.— History.— M.  J.  H.  (Med.  No.  16151),  a  housewife,  aged  29,  entered 
the  hospital  May  28,  1921,  with  toxemia  of  pregnancy,  greatly  reduced  renal 
function,  severe  acidosis  and  frequent  vomiting.  Plasma  carbon  dioxid  capacity 
was  19.5  volume  per  cent. 

CoMrj<?.— Because  of  this  acidosis,  500  c.c.  of  4  per  cent,  sodium  bicarbonate 
solution  was  given  intravenously  and  Murphy  drip  with  2  per  cent,  sodium 
bicarbonate  was  started,  followed  by  a  rise  of  carbon  dioxid  capacity  to  27 
volume  per  cent.  The  intravenous  injection  of  sodium  was  repeated,  vomiting 
decreased,  and  2  gm.  of  sodium  bicarbonate  was  given  by  mouth  every  two 
hours.  Three  days  after  admission  to  the  hospital  the  plasma  carbon  dioxid 
capacity  was  67.5  volume  per  cent.  The  following  day  the  patient  developed 
typical  carpal  spasm  of  tetany,  the  forearms  were  flexed  and  folded  over  the 
chest,  the  wrists  were  moderately  flexed,  and  the  fingers  partially  flexed  at 
the  metacarpal  phalangeal  joints  and  extended  at  the  interphalangeal  joints, 
and  the  thumbs  were  adducted.  There  were  also  occasional  twitchings  of  the 
muscles  about  the  mouth.  Plasma  carbon  dioxid  capacity  at  this  time  was  87 
volume  per  cent.  Administration  of  alkali  was  discontinued  and  spontaneous 
spasm  soon  disappeared,  but  a  markedly  positive  Trousseau  sign  of  tetany  could 
be  elicited  from  then  until  death  five  days  later.  The  plasma  carbon  dioxid 
capacity  remained  above  normal,  and  several  hours  before  death  was  still  79.5 
volume  per  cent. 

Case  6. — History. — E.  M.  (Med.  No.  16492),  a  pupil  nurse,  aged  20,  of  neurotic 
temperament,  became  hysterical  after  failing  to  pass  her  examinations,  and  began 
to  breathe  very  rapidly  and  deeply.  She  then  complained  of  numbness  and 
tingling  in  the  fingers.  After  stopping  the  hyperpnea,  the  sensations  disappeared. 
Later  in  the  day  the  rapid  deep  breathing  returned,  tingling  in  the  fingers  started 
again,  and  the  hands  rather  suddenly  became  spastic,  the  fingers  and  hands  being 
flexed,  and  the  phalanges  extended.  The  arms  soon  became  flexed  at  the  elbows, 
and  there  was  a  sense  of  tightness  in  the  abdominal  muscles.  She  was  persuaded 
to  breathe  quietly,  and  the  spasm  subsided  in  a  few  minutes.  The  following  morn- 
ing there  was  a  mild  recurrence  of  the  hyperpnea,  with  tingling  in  the  fingers,  but 
no  spontaneous  spasm. 

Examination. — Compressing  the  arms  above  the  elbow  for  a  few  minutes 
resulted  in  a  typical  spasm  of  tetany  in  the  hands.  There  was  no  Chvostek 
sign.  She  soon  began  to  breathe  quietly  and  all  signs  of  tetany  disappeared. 
The  plasma  carbon  dioxid  capacity  during  the  attacks  was  not  determined,  but 
there  is  every  reason  to  believe  that  it  would  have  been  low,  due  to  the  decrease 
of  carbon  dioxid  in  the  blood  accompanying  overventilation.  Grant  and  Gold- 
man ^  found  symptoms  of  tetany  identical  with  those  in  this  patient  in  voluntary 
forced  respiration.  Carbon  dioxid  is  "washed"  out  of  the  blood,  leaving  a  rela- 
tive excess  of  sodium  bicarbonate,  and  in  the  restablishment  of  the  h  CO  * 
ratio,  alkali  passes  out  of  the  plasma  into  the  tissues  and  into  the  urine,  result- 
ing in  a  reduced  plasma  carbon  dioxid  capacity. 

SUMMARY 

1.  The  occurrence  of  tetany  in  various  disorders  of  the  body  is  dis- 
cussed. These  disorders  may  be  divided  into  two  groups :  (a)  pyloric 
obstruction,  hyperpnea  and  overdosage  with  sodium  bicarbonate,  which 
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have  in  common  a  disturbance  of  the  acid-base  equiUbrium,  due  to 
an  increase  in  the  ratio  of  sodium  bicarbonate  to  carbonic  acid 
(Na  H  CO3:  H2  CO3)  in  the  blood,  (b)  Infantile  tetany  and  para- 
thyroid tetany,  in  which  there  is  a  calcium  deficiency  in  the  blood.  The 
theory  of  Freudenberg  and  Gyorgy,  which  attempts  to  explain  all 
tetany  as  being  due  to  a  deficiency  of  calcium  in  the  tissues,  is  discussed. 
2.  Six  cases  of  tetany  in  adults  are  reported.  These  are  all  of  the 
type  in  which  there  is  an  acid-base  disturbance.  Three  cases  occurred 
in  obstruction  of  the  stomach.  In  two  of  these  the  plasma  carbon 
dioxid  capacity  was  determined,  and  found  greatly  increased.  In  one 
the  blood  chlorid  was  determined  and  found  markedly  decreased.  Serum 
calcium,  determined  in  this  case,  was  in  the  upper  limits  of  normal. 
These  results  corroborate  in  the  human  the  experimental  findings  of 
investigators  in  animals.  Two  cases  resulted  from  overdosage  with 
sodium  bicarbonate,  and  one  occurred  in  hysterical  hyperpnea.^* 


14.  After  this  paper  was  written  Freudenberg  and  Gyorgy  [Klinische 
Wchnschr.  1:410,  1922]  reported  cases  of  infantile  tetany  in  which  the  symptoms 
rapidly  disappeared  following  ingestion  of  from  3  to  7  gm.  ammonium  chlorid 
per  day.  The  use  of  this  drug  was  suggested  by  the  recent  work  of  Haldane 
(J.  Physiol.  55:265,  1921),  who  found  that  the  administration  of  large  doses  of 
ammonium  chlorid  by  mouth  caused  an  acidosis  in  the  human,  apparently  by 
the  formation  of  urea  and  hydrochloric  acid.  The  symptomatic  cure  of  infantile 
tetany  by  the  drug  is,  therefore,  strong  evidence  in  favor  of  the  view  that  there 
is  an  "alkalosis"  in  this  condition. 
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THE     BLOOD     PRESSURE     OF     NORMAL     CANTONESE 

STUDENTS 

WM.    W.    CADBURY.    M.D. 

CANTON,     CHINA 

It  has  been  a  common  observation  of  my  colleagues  and  myself  that 
the  blood  pressure  of  Chinese  patients  in  the  Canton  Hospital  usually 
registered  below  the  normal  recognized  for  the  peoples  of  Europe  and 
North  America.  It  was.  therefore,  decided  to  make  a  systematic  study 
of  the  pressure  of  normal  Cantonese  young  men  with  the  idea  of 
determining  the  average  norm  for  that  race. 

Various  methods  have  been  employed  by  research  workers  in  order 
to  determine  the  blood  pressure.  Perhaps,  the  most  accurate  data 
are  those  obtained  by  the  Erlanger  sphygmomanometer.  In  reviewing 
the  literature  we  find,  however,  that  the  mercury  instruments  are  those 
most  generally  employed.  The  aneroid  Tycos  instrument  is  preferred 
by  some. 

METHODS     OF     READING 

In  the  earlier  reports,  the  systolic  pressure  was  determined  by 
palpation  of  the  pulse.  The  diastolic  and  pulse  pressures  cannot  be 
determined  accurately  by  this  method. 

More  recently  as  a  result  of  the  suggestion  of  Korotkofif.^  the  auscul- 
tatory method  was  introduced  for  reading  the  pressure.  By  this  method 
it  is  universally  recognized  that  the  first  sound  or  beginning  of  the  first 
phase  represents  the  systolic  pressure.  In  regard  to  the  diastolic  read- 
ing, there  has  been  considerable  difference  of  opinion.  Barach  and 
Marks  ^  in  a  series  of  observations  on  healthy  students  read  the  diastolic 
pressure  in  the  fourth  phase  wath  some  and  with  others  at  the  disap- 
pearance of  all  sound,  or  the  fifth  phase.  The  difference  in  readings 
at  these  two  points  was  generally  about  5  mm.  of  mercury,  but  was  as 
great  as  10  mm.  in  some.  Judson  and  Nicholson  ^  recommend  reading 
at  the  fourth  phase.  They  claim  that  by  reading  at  the  fifth  phase, 
there  is  an  error  of  from  11  to  20  mm. 

Murray  *  also  agrees  that  the  diastolic  pressure  must  not  be  read 
below  the  fourth  phase.  Warfield,^  however,  states  that  the  fifth  phase 
may  be  used,  and  from  the  fourth  to  the  fifth  there  is  usually  only 
from  4  to  6  mm.  difference. 


1.  Korotkoflf:  Tr.  Imp.  Acad.  Med..  St.  Petersburg.  15:365.  1905. 

2.  Barach,  J.  H..  and  Marks.  W.  L. :  Arch.  Int.  Med.  13:648   (Mav)   1914. 

3.  Judson,  C.  F.,  and  Nicholson,  P.:  Am.  J.  Dis.  Child.  8:257  (Aug.)   1914. 

4.  Murray,  J.  R. :  Brit.  M.  J.  1:697,  1914. 

5.  Warfield,  Louis  M. :  Am.   T.  M.  Sc.  154:414.  1917. 
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According  to  W'eysse  and  Lutz,"  "Fischer  (1908),  Lang  and  Mans- 
wetowa  (1908),  \'an  AX'estenrijk  (1908)  and  Warfield  (1912)  con- 
sider the  beginning  of  the  fourth  phase  as  the  auscultatory  index  for 
minimum  pressure;  while  Ettinger  (1907),  Gittings  (1910)  and  Good- 
man and  A.  A.  Howell  (1910)  consider  the  fifth  phase  as  the  correct 
index."  They  conclude  that  "Since  the  onset  of  the  fourth  phase  is 
coincident  with  the  marked  decrease  in  amplitude  o^  the  oscillations 
recorded  by  the  Erlanger  sphygmomanometer,  it  should  be  considered 
as  the  index  of  minimum  blood  pressure." 

Finally,  MacKenzie,"  quoting  W.  A.  Jaquith,  states  that  "The  fourth 
point  is  shown  to  be  more  liable  to  incorrect  estimation  than  the  fifth," 
and  he  further,  adds  that  the  fifth  point  thus  appears  to  be  the  one  at 
which,  for  the  sake  of  uniformity  and  accuracy,  we  should  ask  an  exam- 
iner to  take  the  diastolic  reading.  In  one  set  of  readings  the  average 
difference  between  points  four  and  five  was  only  6  mm.  in  1,835 
examinations. 

In  view  of  these  conflicting  opinions,  we  have  generally  advised 
those  not  very  well  accustomed  to  the  use  of  the  sphygmomanometer, 
to  read  the  diastolic  pressure  at  the  disappearance  of  all  sound.  In  the 
statistics  given  herewith,  however,  we  have  generally  used  the  fourth 
phase  for  recording  diastolic  pressure,  though,  in  some  cases  probably, 
the  mercury  was  read  between  the  fourth  and  fifth  phases. 

THE     NORMAL     PRESSURE 

For  comparative  purposes,  the  first  essential  is  the  determination 
of  a  normal  average  in  some  particular  race. 

Systolic  Pressure. — It  has  been  asserted*  that  the  normal  systolic 
pressure  for  any  age  is  roughly  1(X)  mm.  of  mercury,  plus  a  figure 
represented  by  the  age  in  question.  The  difficulty  with  much  of  the 
data  at  hand  is  that  it  deals  with  special  groups  of  individuals,  as,  for 
example,  insured  persons,  athletes,  army  recruits,  etc. 

One  of  the  most  thorough  of  the  earlier  investigations  was  Woley's  ® 
study  of  1,000  healthy  persons  ranging  from  15  to  65  years  of  age. 
The  palpatory  method  was  used  and  for  the  whole  series  he  obtained 
an  average  of  127.5  mm.  for  males  and  120  mm.  for  females.  For  the 
period  from  15  to  30  years  of  age,  the  average  was  122  mm. 

McCrae  ^'*  states  that  for  adults  a  systolic  pressure  of  110  or  less 
may  be  called  "low  blood  pressure."  Eraser  and  Cowell  "  made  a 
study  of  the  pressure  in  normal  soldiers  and  obtained  an  average  of 
systolic  from  110  to  120  mm. 

6.  Weysse.  A.  W..  and  Lutz.  B.  R. :  Am.  J.  Physiol.  32:427,  1913. 

7.  MacKenzie,  L.  F. :  Med.  Rec.  97:1029,  1920. 

8.  Editorial:  J.  A.  M.  A.  75:1650  (Dec.  11)   1920. 

9.  Woley,  H.  P.:  J.  A.  M.  A.  55:121   (July  9)   1910. 

10.  McCrae.  T. :  M.  Clin.  X.  America  3:1177  (March)   1920. 

11.  Fraser,  T-  and  Cowell.  E.  M. :  J.  A.  M.  A.  70:520  (Feb.  23)   1918. 
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Barach  and  Marks  ^  examined  a  group  of  healthy  male  students, 
mostly  from  15  to  25  years  of  age.  The  systolic  pressure  varied  from 
90  to  200  mm.,  but  the  majority  were  between  110  and  140  mm.  In 
more  than  600  cases,  204  were  recorded  between  120  and  130  mm.  of 
mercury.    In  90  per  cent,  the  systolic  pressure  was  less  than  150  mm. 

Lee  ^^  examined  Harvard  freshmen.  The  average  age  was  18  years, 
the  average  height  5  feet  8  inches,  and  the  average  weight,  stripped,  143 
pounds.  The  average  systolic  pressure  was  120  mm.  and  only  12.8  per 
cent,  showed  a  systolic  pressure  above  140. 

The  Diastolic  and  Pulse  Pressures. — The  diastolic  and  pulse  pressures 
were  not  recorded  in  the  older  studies  and  accurate  data  have  only  in 
recent  years  been  obtained,  especially  since  the  introduction  of  the 
auscultatory  method  of  reading.  MacWilliam  and  Melvin,^^  in  a  series 
of  healthy  young  adults,  found  the  average  diastolic  pressure  to  be 
65  mm.  with  a  range  from  50  to  80  mm.  The  average  pulse  pressure 
was  46  mm.  Barach  and  Marks, ^  in  their  series,  found  that  in  92  per 
cent.,  the  diastolic  pressure  did  not  exceed  100  mm.  and  readings  from 
30  to  130  mm.  were  obtained.  The  great  majority,  however,  ranged 
from  70  to  100  mm.  The  pulse  pressure  ranged  from  20  to  70  mm. 
in  88  per  cent,  of  their  cases,  a  large  proportion  ranging  from  30  to 
60  mm.    The  extreme  limits  of  pulse  pressure  were  from  5  to  100  mm. 

In  Lee's  study, ^^  only  five  subjects  had  a  diastolic  pressure  higher 
than  100  mm.,  the  average  being  80  mm. 

Warfield  ^  gives  a  normal  variation  for  the  pulse  pressure  of  from 
30  to  50  mm. 

Fraser  and  CowelV^  in  their  series  of  soldiers,  give  from  70  to  80 
mm.  for  the  diastolic  average  and  40  mm.  as  the  average  pulse  pressure. 

Influence  of  Age  on  Blood  Pressure. — In  dealing  with  younger  sub- 
jects age  is  such  an  important  factor  that  disregard  of  it  renders 
statistics  valueless.  Wolfensohn-Kriss  ^*  determined  the  systolic  pressure 
of  healthy  children  (Table  1),  and  concludes  that  the  pressure  increases 
with  age,  height  and  weight.  In  children  of  the  same  age,  taller  and 
heavier  subjects  gave  higher  pressure  readings  than  shorter  and  lighter 
subjects.  In  boys  and  girls  of  the  same  weight,  the  pressure  readings  for 
boys  were  slightly  higher  than  those  for  girls,  but,  in  general,  she  con- 
cludes that  there  is  practically  no  difference  noted  for  boys  and  girls  of 
the  same  heights  and  weights  (Tables  4  and  5). 

Fisher  ^^  gives  the  average  systolic  pressure  for  accepted  insurance 
risks  at  from  15  to  39  years  (Table  1). 


12.  Lee.  R.  I.:  Boston  M.  &  S.  J.  173:541.  1915. 

13.  MacWilliam,  J.  A.,  and  Melvin,  G.  S. :    Brit.  M.  J.  1:693,  1914. 

14.  Wolfensohn-Kriss,   P.:    Arch.  f.  Kinderh.  53:332,   1910. 

15.  Fisher,  J.  W. :  Proc.  Assn.  Life  Ins.  Med.  Directors  N.  America,  393, 1912. 
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Katzenberger  ^^  gives  the  general  average  systolic  pressures  of  eight 
other  observers  and  her  own  (Table  1)  for  different  ages. 

According  to  Judson  and  Nicholson,^  in  a  study  of  1,344  children, 
the  widest  variations  occur  from  the  tenth  to  the  fourteenth  year.  The 
systolic  pressure  shows  a  gradual  rise  from  the  third  to  the  tenth  year 
and  from  10  to  14  there  is  a  more  abrupt  rise.  The  systolic  pressure 
varies  from  91  mm.  in  the  fourth  year  to  105.5  mm.  in  the  fourteenth 
year.  There  is  no  arithmetic  increase  from  year  to  year,  from  4  to 
14  there  being-  onlv  a  total  rise  of  14  mm. 


TABLE  2. — Diastolic  Pressure  by  Age 


Judson 

Concepclon 

Age 

and 

Faber  and 

and               Trimble, 

Whyte, 

Cadbury, 

Nicholson^ 

James22 

Bulatao.si          Chinese 
Filipinos 

Chinese 

Chinese 

6 

63.5 

64 

7 

64.2 

65.4 

35 

8 

59.6 

667 

50 

9 

62.2 

67.8 

53 

10 

64.6 

68.9 

51 

11 

62.3 

69.9 

50 

12 

59.6 

71.1 

55 

13 

63.2 

71.9 

56 

14 

63.7 

73.3 

59 

15 

61.8 

74  6 

63 

60 

16 

75.8           : 

TO 

60 

17 

ro 

63 

J« 

77!6 

68 

64 

19 

55 

77 

65 

20 

74 

62 

21 

'!'> 

63 

22 

78 

59 

23 

59 

24 

\ 

76* 

57 

25 

76!6 

56 

72* 

73 

26 

70* 

27 

85* 

28 

29 

TO* 

30 

.... 

75* 

31-40 

.... 
.... 

80.3 

62 

80*  and  50* 

*  One  case  only. 

There  is  little  increase  of  the  diastolic  pressure,  so  that  the  pulse 
pressure  increases  more  in  proportion  than  the  systolic  pressure. 

Observations  were  made  by  the  pith  ball  oscillation  method,  a 
modified  Erlanger  apparatus  and  the  ordinary  mercury  sphygmo- 
manometer, using  auscultation  for  reading  the  pressure.  The  observa- 
tions by  these  methods  differed  slightly.  In  Tables  2  and  3  are  recorded 
only  the  results  obtained  by  auscultation. 

Bing  ^'  examined  138  men,  all  inmates  of  an  institutional  "home," 
and  found  that  the  systolic  pressure  ranged  from  115  to  145  mm.  He 
states  that  the  normal  systolic  blood  pressure  seems  to  be  from  100 
to  130  mm. 


16.  Katzenberger,  A.:  Ztschr.  f.  Kinder.  9:167.   1913. 

17.  Bing,  H.  I.:  Ugesk.  f.  Laeger,  77:923.   1915;  abstr.  T.  A.  M.  A.  65:468 
(July  31)   1915. 
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Faught's  ^^  averages  for  systolic  pressure  cover  the  ages  6  to  17 
years  (Table  1). 

A  very  careful  analysis  of  the  systolic  blood  pressure  readings  of  all 
freshmen  entering  the  University  of  California  has  been  contributed  by 
Alvarez. ^^  The  readings  for  2,930  males  v^ere  taken  with  the  men  lying 
down.  The  curve  of  average  pressure  does  not  rise  steadily,  but  drops 
between  ages  17  and  21.  The  upper  normal  limit  for  men  he  places  at 
130  mm.  Fifty  per  cent,  of  the  readings  were  between  116.5  and 
136.5  (Table  1).  . 


TABLE  3. — Pulse  Pressure  bv  Age 


Judson 

Concepcion 

Age 

and 

Taber  and               and 

Trimble, 

Wliyte, 

Cadbury, 

' 

Nicholson^ 

Jan)es22       1     Bulatao.si 
Filipinos 

Chinese 

Chinese 

Chinese 

6 

30.3 

31.1 

7 

22.7 

32               !            ....            1 

30 

8 

33.4 

.33,1 

28 

9 

29.5 

33.8 

31 

10 

34.4 

33.9 

29 

11 

33.5 

34.6            j 

33 

12 

40.3 

35.2            i 

33 

13 

30.8 

36.1             ] 

33 

14 

42.1 

37.5 

35 

15 

37.7 

38.5            '     1 

36 

36 

16 

39.6 

34 

41 

17 

35 

37 

18 

'.'.'.'. 

33!i 

1 

39 

39 

19 

40 

39 

40 

20 

J 

37 

41 

21 

42 

40 

22 

'  ".'           ! 

44 

42 

23 

....         ! 

34 

24 

54* 

40 

25 



58* 

27 

26 



35^3 

34 

25* 

27 



25* 

28 

.... 

29 

25* 

30 

30* 

31-40 

3S.5 

39 

50*  and  40* 

*  One  case  only. 

According  to  Hunter  and  Rogers,-"  men  over  weight  average  a 
higher  .systolic  pressure  than  men  under  weight.  A  variation  of  15  mm. 
below  the  average  or  15  mm.  above  is  within  normal  limits. 

One  of  the  most  extensive  series  of  studies  of  the  systolic  pressure 
is  that  given  by  Hunter  ^^  on  67,000  life  insurance  cases  (Table  1). 

MacKenzie  ''  states  that  the  systolic  pressure  increases  with  increased 
weight,  disregarding  age  and  height.  The  latter  has  little  effect.  There 
is  little  change  in  the  pulse  pressure  until  after  40  years  of  age. 

For  the  period  of  from  15  to  29  years,  the  average  systolic  pressure 
is  122  mm.,  the  diastolic  85  mm.  and  pulse  pressure  43  mm.     From 


18.  Faught,    F.   A. :    Blood    Pressure    from   the    Clinical    Standpoint,    Ed.   2. 
W.  B.  Saunders  Company,  Philadelphia,  1916. 

19.  Alvarez,  W.  C. :    Arch.  Int.  Med.  26:381   (Sept.)   1920. 

20.  Hunter,  A.,  and  Rogers,  O.  H. :  Proc.  Assn.  Life  Ins.  Med.  Directors  N. 
America  6:92.  1919. 

21.  Hunter,  A.:  Proc.  Assn.  Life  Ins.  Med.  Directors  N.  America  7:153,  1920. 
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30  to  44  years  of  age,  the  systolic  pressure  is  125  mm.,  diastolic,  88  mm., 
and  pulse  pressure  43  mm.  Any  diastolic  pressure  at  any  age,  under 
60  mm.  or  over  103  mm.  is  abnormal  if  constant. 

Pulse  pressures  over  60  mm.  or  under  25  mm.  are  cause  for  close 
scrutiny  of  every  other  feature. 

According  to  a  leaflet  signed  by  Dr.  Charles  H.  Willits,  medical 
director  of  the  Provident  Life  and  Trust  Company,  Philadelphia,  and 
issued  to  medical  examiners,  accepted  risks  between  ages  15  and  60  years 
should  have  an  average  systolic  blood  pressure  between  120  and  135  mm. 
(Table  1 ) .    A  normal  diastolic  pressure  may  be  betw^een  60  and  105  mm. 

Faber  and  James  ^^  studied  the  pressure  in  651  boys  and  450  girls 
aged  from  3  to  17.  The  subjects  were  normal,  mostly  school  children. 
They  state  that  age  is  as  satisfactory  as  any  factor,  such  as  height  or 
weight,  in  determining  the  normal  pressure.  In  order  to  smooth  out 
the  curves,  three  ages  were  grouped  together.  Thus  for  age  6,  the 
averages  for  5,  6  and  7  were  added  together  and  divided  by  3.  In 
Tables  1,  2  and  3  we  record  the  readings  for  the  boys  only. 

Other  Factors  Causing  a  Normal  Variation  in  Blood  Pressure. — It 
is  well  known  that  many  factors  cause  a  normal  variation  in  blood 
pressure.  Thus  Katzenberger  ^^  in  a  series  of  observations  noted  that 
the  blood  pressure  tends  to  fall  as  the  rate  of  the  pulse  increases.  The 
lower  blood  pressure  in  young  children  is  to  be  explained  by  the 
undeveloped  condition  of  the  heart  and  blood  vessels.  As  height  and 
weight  increase,  the  systolic  pressure  increases  also.  Therefore  the 
pressure  of  children  living  under  good  conditions  is  higher  than  in  chil- 
dren placed  in  bad  conditions.  Boys  have  higher  pressure  due  to  their 
greater  size.  Sleep  causes  a  fall  in  pressure.  Position,  psychic 
phenomena,  time  of  day,  taking  food  or  fluid,  movements  of  the  body, 
respiration  and  bathing  all  afl:'ect  the  pressure. 

Faught^^  observed  that  with  puberty,  adult  pressure  is  established. 
There  is  a  fall  of  pressure  with  increased  altitude.  In  persons  of 
neurotic  temperament,  according  to  Goodman,^^  the  blood  pressure  is 
likely  to  be  elevated. 

Lowered  pressure  is  said  -*  to  be  the  result  of  a  weakened  heart,  as 
in  convalescence  from  disease,  and  also  as  the  result  of  a  lack  of  dynamic 
force  in  the  individual. 

Fraser  and  Cowell  "  noted  that  in  soldiers  actually  engaged  in  fight- 
ing, especially  infantrymen,  the  average  systolic  pressure  worked  out 
higher  than  among  men  in  the  same  regiment  in  support,  where  they 
were  only  exposed  to  occasional  fire.     The  increased  pressure  of  the 


22.  Faber,  H.  K.,  and  James,  C.  A.:  Am.  J.  Dis.  Child.  22:7  (July)   1921. 

23.  Goodman,    E.    H. :    Blood    Pressure    in    Medicine    and    Surgery,    Lea    & 
Febiger,  Philadelphia,  1914.  p.  64. 

24.  Moulton,  R.  H.:  The  Forecast,  p.  171  (Sept.)  1921. 
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fighting  man  tended  to  drop  quickly  when  he  was  resting  away  from  the 
firing  line,  so  that  a  systolic  pressure  of  140  mm.  might  fall  to  110 
or  even  to  100  mm. 

The  influence  of  age  has  been  already  referred  to  and  Norris  -^  states 
that  preceding  the  onset  of  puberty,  there  is  a  tendency  toward  a  fall 
of  pressure;  during  pubescence  there  is  a  period  of  increased  pressure 
which  is,  in  turn,  followed  by  a  slight  decrease  after  puberty  has  been 
established. 

The  rate  of  the  pulse  is  thought  by  Woley^  to  be  a  factor.  In  cases 
with  a  pulse  under  65,  he  found  the  pressure  to  average  123,  while,  if 
the  pulse  was  over  85,  the  pressure  reached  130  mm. 

TABLE  4. — Systolic  Pressure  According  to  Height 


Height  in 

Wolfensohn- 

Chamberlain.so 

Cadburv, 

Centimeters 

Krissi* 

MichaePn 

White  Men  in 
Tropics 

Chinese 

90-100 

85 

99 

VO 

101-110 

89 

109 

65 

111-120 

90 

J 

82 

121-130 

93 

i          112 

84 

131-140 

95 

J 

118 

87 

141-150 

101 

[          120 

96 

151-160 

104 

J 

125 

117.9* 

j  "^  1 

100 

161-170 

110 

102 

1     115.5     f 
I    116.2    J 

r  115.7 

171-180 

{  116.2 
.  117.9 

105 

181-190 

5     119.3     } 

105 

I    120.6 

J 

*  Under  162.5  cm. 


The  effects  of  height  and  weight  have  already  been  referred  to. 
These  factors  have  been  especially  considered  by  Michael.^*^  She 
studied  128  normal  children  and  found  that  there  was  a  regular  rise  in 
systolic  pressure  with  an  increase  in  height  and  weight.  This  is  also 
confirmed  by  the  work  of  Wolfensohn-Kriss  ^*  and  Chamberlain  ^° 
(Tables  4  and  5). 

The  effects  of  climate  are  referred  to  by  Castellani  and  Chalmers  ^" 
as  lowering  the  tension  of  the  pulse,  with  dilatation  of  peripheral 
vessels  and  increased  elasticity  of  the  pulse. 


25.  Norris,  G.  W. :  Blood  Pressure,  Lea  &  Febiger,  1917,  p.  378. 

26.  Michael,  May:  Am.  J.  Dis.  Child.  1:272   (March)   1911. 

27  Castellani  &  Chalmers  :   Manual  of  Tropical  Medicine,  Balliere,  Tindall 
&  Cox,  London,   1919,  p.  75. 
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Variations  in  Blood  Pressure  by  Race. — We  come  now  to  the  ques- 
tion of  racial  variations.  But  little  mention  has  been  found  of  variations 
because  of  race  in  the  textbooks  on  blood  pressure,  and  we  have  been 
able  to  find  only  a  few  references  in  literature. 

McCay  ^^  studied  the  blood  pressure  of  more  than  500  adult  male 
Bengalis,  aged  from  20  to  25  years.  They  were  Hindus  from  Lower 
Bengal.  The  Riva-Rocci  instrument  was  used  with  a  broad  armlet. 
The  systolic  pressure  only  was  determined,  by  palpation,  with  the 
patient  sitting.  The  average  pressure  was  found  according  to  one 
report  to  be  from  83  to  118  mm.  of  mercury,  but,  in  the  later  report, 
he  states  it  was  from  90  to  105  mm.  or  generally  just  under  100  mm. 

To  explain  this  low  pressure,  McCay  considers  climatic  conditions 
are  not  the  chief  cause,  because  Europeans  living  in  Calcutta  did  not 
show  this  low  pressure,  they  averaging  from  115  to  130  mm.  of  mercury. 
As  the  capacity  for  muscular  work  in  Europeans  is  superior,  we  may 


TABLE  5. — Systolic  Pressure  Accordixg  to  Weight 


Weight  in  Kg. 

WoUensohn- 
Kriss" 

MichaeI26 

Cadbury, 
Chinese 

le-'O                                                          

82 

92 

04 

95 

99 
103 
111 
112 

95 
[        100 

!'      ,or 
\\     - 

\             116 

J             122 

126 

SI 

01-95 ■. 

83 

26-30                      

S7 

31-35 

94 

36-40    

96 

41-45 

100 

46-50 

101 

]04 

56-60 

106 

61-65 

106 

assume  that  they  also  have  superior  muscular  power  in  both  voluntary 
and  involuntary  groups. 

The  Filipino  has  been  studied  more  carefully  with  regard  to  his 
blood  pressure  than  other  Oriental  races.  The  first  work  was  done  by 
Musgrave  and  Sison.-^  The  study  was  made  on  ninety-seven  Americans 
and  Europeans  and  forty  Filipinos,  mostly  students.  The  ages  varied 
from  25  to  40  years.  They  concluded  that  the  systolic  pressure  of 
persons  living  in  the  tropics  is  lower  than  the  general  averages  given. 
The  heart  and  blood  vessels  are  not  to  blame.  \'ariation  in  the  volume 
and  viscosity  of  the  blood  may  be  a  factor.  Anemia  is  not  a  cause. 
The  most  probable  cause  is  the  lowered  peripheral  resistance  that  occurs 
in  the  tropics.^'  If  this  be  true,  then  the  lowered  blood  pressure  may 
be  explained  in  two  ways:  the  secretory  function  of  the  skin  is  increased 


28.  McCav,  David:  Lancet  1:1483.  1907;  Scientific  Memoirs,  Govt,  of  India. 
No.  34.  p.  23,  1908. 

29.  Musgrave,  W.  E.,  and  Sison,  A.  G. :  Philippine  I.  Sc.  B.  5:325.  1910. 
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and  probably  the  normal  surface  resistance  and  vasomotor  tension 
necessary  to  produce  the  required  surface  heat  of  temperate  climates  is 
greatly  diminished  in  the  tropics,  the  year  round. 

There  are  also  to  be  considered  the  splanchnic  influences  which 
control  vasomotor  tone. 

For  foreigners,  the  following  pressure  readings  were  obtained : 

Duration  of  Residence 

in  Tropics  Systolic  Pressure 

1  month  to   1   year 124  mm. 

1  year  to  5  years 115  mm. 

5  years  to  10  years 116  mm. 

Over  10  years 113  mm. 

Of  the  Filipinos,  thirty  males  gave  an  average  systolic  pressure  of 
108  mm.  and  nineteen  females  of  113  mm. 

A  very  extensive  study  was  carried  out  by  Chamberlain. ^°  He 
studied  the  systolic  pressure  of  1,042  healthy,  white,  American  soldiers, 
aged  mostly  from  20  to  40  years,  and  386  Filipinos  representing  various 
tribes,  and  including  soldiers,  laborers,  servants  and  convicts.  Most  of 
these  were  under  42  years  of  age.  Chamberlain  assumes  a  normal  of 
from  115  to  150  mm.  of  mercury  for  men  from  15  to  30  years  of  age, 
living  in  the  temperate  zone. 

In  the  Philippines,  he  finds  the  average  pressure  for  white  men  at 
this  age  to  be  115  and  from  30  to  40  years  of  age  to  be  118  mm. 
Seasonal  changes  and  complexion — blond  or  brunet — did  not  affect  the 
systolic  pressure.  He  suggests  that  there  is  a  vasoconstriction  of  super- 
ficial blood  vessels. 

For  Filipinos  between  15  and  40  years,  Chamberlain  found  an 
average  systolic  pressure  of  from  115  to  116  mm.  He  concludes  that 
there  is  no  essential  difference  from  white  men  in  the  blood  pressure 
(Table  1). 

A  later  study  of  Filipinos  has  been  made  by  Concepcion  and 
Bulatao,^^  using  an  Erlanger  sphygmomanometer.  Readings  were 
obtained  from  697  males  and  218  females,  varying  in  age  from  15  to 
87  years.  The  males  were  chiefly  convicts  and  medical  students.  The 
females  were  also  convicts  and  students.  The  results  may  be  found  in 
Tables  1,  2  and  3.  For  the  average  age  of  males  of  29.5  years  and  of 
females  of  25.1  years,  the  average  readings  were  as  follows: 

Males  Females 

Systolic   Pressure    115.6  mm.  116     mm. 

Diastolic   Pressure    79.1mm.  83.4  mm. 

Pulse    Pressure    36.4  mm.  32.6  mm. 

There  is  to  be  noted  a  general  tendency  for  the  systolic,  diastolic 
and  pulse  pressures  to  ascend  with  age.     They  conclude  that,  "The 

30.  Chamberlain.  W.  P.:    Philippine  J.  Sc.  B.  6:467.  1911. 

31.  Concepcion.  I.,  and  Bulatao,  E. :  Philippine  J.  Sc.  B.  11:135,   1916. 
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systolic  pressures  of  Filipinos  are  very  much  lower  than  those  of  Ameri- 
cans living  in  temperate  climates  (Woley),  but  the  same  as  those  of 
Americans  living  in  the  tropics  (Chamberlain)." 

In  sixty-five  opium  habitues  the  blood  pressure  was  much  below  the 
average  of  other  cases. 

Investigations  of  American  Indians  were  carried  on  by  Harley 
Stamp  ^2  including  tribes  living  in  the  arctic  as  well  as  the  temperate 
zone.  He  concludes  that  "the  normal  age  charts  of  blood  pressure 
records  on  the  American  Indian  differ  but  slightly  from  those  of  the 
white  man,  except  that  there  seems  to  be  a  uniform  tendency  to  reduced 
blood  pressure  at  or  about  45  years." 

Blood  pressure  in  the  Japanese  has  been  studied  by  Tanemura  ^^ 
who  examined  2,842  healthy  male  and  1,100  female  Japanese.  The 
ages  varied  from  4  to  25  years.  He  used  a  von  Recklinghausen 
tonometer,  reading  by  Korotkoff's  auscultatory  method.  The  results 
were  recorded  in  centimeters  of  water.  The  average  height  for  boys  of 
4  was  93  cm.,  for  boys  of  19,  160.3  cm.  The  body  weight  was  13.6  kg. 
for  boys  of  4  and  54.1  kg.  for  men  of  21.  The  annual  increase  in  the 
blood  pressure  was  particularly  marked  in  boys  from  the  thirteenth  to 
the  seventeenth  years.  In  general,  the  curve  of  rising  blood  pressure 
ran  parallel  with  those  of  body  height  and  w^eight. 

The  normal  pressure  at  4  years  of  age  for  boys  was  systolic,  72  mm. ; 
diastolic,  49  mm.  of  mercury  (98  and  67  cm.  water).  It  rose  gradually 
to  systolic  122  mm.;  diastolic  83  mm.  of  mercury  (165  and  112  cm. 
water)  in  men  of  19. 

The  pulse  pressure  rose  from  23  mm.  of  mercury  (31  cm.  water) 
at  4  years  to  40  mm.  of  mercury  (54.5  cm.  water)  in  men  of  19. 

BLOOD     PRESSURE    IN     CHINESE 

Beyond  the  records  of  Chinese  here  collected,  I  know  of  no  statistics 
on  this  race  in  the  literature. 

A  questionnaire  was  sent  out  to  missionary  physicians  throughout 
China  and  answers  giving  records  of  normal  persons  were  received 
from  only  three:  Drs.  C.  G.  Trimble,  Duncan  Whyte  and  H.  W.  Boyd. 
Doctor  Trimble  sent  in  records  for  thirty-two  normal  male  Chinese. 
Twenty- four  were  from  the  province  of  Fukien,  which  lies  between  23 
and  29  degrees  north  latitude,  and  eight  from  other  provinces  of 
China.  The  occupations  of  the  Fukinese  varied  from  that  of  student, 
merchant,  druggist,  coolie,  soldier,  barber,  shoemaker,  baker,  boat  man, 
preacher   and    farmer.      The   Pilling   special    sphygmomanometer   was 


32.  Faught,  F.  A.:  1.  c.  18.  p.  161. 

33.  Tanemura,  I.:  Kvoto  T.  M.  Sc.  15:84.  1918:  Abstr.  China  M.  J.  34:542. 
1920. 
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used  with  the  auscuhatory  method.  The  ages  varied  from  18  to  43 
years  and  the  average  pressures  obtained  were  as  follows :  Systolic : 
100;  diastolic,  61 ;  pulse,  38  (Tables  1,  2  and  3). 

The  eight  subjects  from  other  provinces  of  China  varied  in  age 
from  19  to  28  years.  Four  were  from  the  province  of  Chihli,  two  from 
Shantung,  one  from  Kiangsu  and  one  from  Hunan,  all  in  Central  or 
North  China.     The  average  pressures  were  as  follows : 

Systolic    106  mm. 

Diastolic   66  mm. 

Pulse 40  mm. 

Dr.  G.  Duncan  Whyte's  studies  were  made  on  healthy  students  in 
Swatow,  which  is  located  in  the  northern  part  of  Kwangtung  Province. 
He  employed  the  Faught  instrument  and  the  auscultatory  method. 
There  were  eighty-five  males  varying  in  weight  from  25.8  to  64.4  kg. 
(57  to  142  pounds)  and  in  height  from  137  to  176  cm.  (54  to  691/2 
inches).  The  ages  varied  from  15  to  25  years.  There  were  only  two 
subjects  over  22  years  of  age.  For  the  other  eighty-three  men  he 
obtained  the  following  averages  : 

Systolic 109  mm. 

Diastolic    71  mm. 

Pulse 38  mm. 

For  the  pressures  recorded  for  each  age,  see  Tables  1,  2  and  3. 

Dr.  H.  W.  Boyd,  of  Canton,  studied  fifteen  men  and  ten  women 
from  the  provinces  of  Kwangtung  and  Kwangsi.  Their  ages  ranged 
from  18  to  54  years,  averaging  28  years,  and  their  occupations  were 
those  of  farmer,  mechanic,  merchant,  student,  housewife,  prostitute, 
nurse,  druggist,  soldier,  physician  and  laboratory  assistant.  Their 
weights  varied  from  26.3  to  66.2  kg.  (58  to  146  pounds)  and  their 
heights  from  139.7  to  182.8  cm.  Doctor  Boyd  used  a  Tycos  instrument 
with  the  auscultatory  method.     He  obtained  the  following  averages : 

Systolic  Pressure 107  mm. 

Diastolic    Pressure 67  mm. 

Pulse  Pressure 40  mm. 

.A-verage  Pulse  Rate 81  mm. 

My  investigation  of  the  blood  pressure  of  healthy  Cantonese  was 
conducted  as  part  of  a  general  program  of  determining  the  char- 
acteristics of  normal  Chinese. 

The  records  were  all  obtained  from  healthy  Chinese  students  of  the 
two  southern  provinces  of  China  known  as  Kwangtung  and  Kwangsi. 
Canton,  the  capital  of  Kwangtung,  lies  on  latitude  23  degrees  06.' 1 
north  and  the  two  provinces  He  between  20  and  26  degrees  north 
latitude. 
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It  is  well  known  that  the  Cantonese  differ  in  many  ways  from  the 
people  of  other  parts  of  China.  They  are  shorter,  lighter  and  with 
smaller  features.  Unlike  most  people  living  in  the  tropics,  they  are 
noted  for  their  energy  and  progressiveness. 

All  of  my  records  were  taken  in  the  routine  physical  examination 
of  774  students  of  the  Canton  Christian  College.  These  young  men 
live  in  much  better  hygienic  conditions  than  the  average  Chinese.  They 
take  part  in  athletic  sports  and  eat  a  better  quality  of  food.  Their  life 
is  very  similar  to  that  of  American  boys. 

All  students  with  cardiac  murmurs  or  other  evidence  of  cardiac  or 
pulmonary  disease  were  excluded.  My  records  are  based  therefore  on 
the  examinations  of  only  healthy  young  men. 

A  Nicholson  sphygmomanometer  was  used,  employing  the  aus- 
cultatory method.  A  14  cm.  wide  cuff  was  used  on  the  right  arm,  with 
the  subject  sitting  and  resting  his  arm  on  a  table. 

The  systolic  reading  was  made  at  the  first  appearance  of  sound 
and  the  diastolic  at  the  fourth  phase,  but,  in  the  younger  boys,  the 
diastolic  reading  was  often  very  indefinite.  Taking  the  averages  for 
certain  age  periods,  we  find  as  follows : 

r  Systolic   83  mm. 

7  to  14  years  I  Diastolic    51  mm. 

I  Pulse    31  mm.  fr 

[Systolic    101mm.  •       ' 

15  to  20  years  \  Diastolic 62  mm. 

(  Pulse 39  mm. 

j  Systolic    101  mm. 

21  to  30  years  \  Diastolic 68  mm. 

[  Pulse 36  mm. 

By  reference  to  Tables  1,  2,  3  and  6  the  detailed  figures  may  be 
observed. 

There  is  very  probably  a  slight  error  in  the  age  factor  in  a  few  of 
the  cases,  since  Chinese  generally  estimate  their  age  as  one  year  older 
because  they  count  that  they  are  one  year  old  at  birth.  However,  even 
by  the  most  casual  glance  at  the  figures  in  Table  1,  it  is  clearly  evident 
that  the  Cantonese  youth  has  normally  a  systolic  pressure  considerably 
lower  than  that  found  in  Europeans  and  Americans.  It  follows  closely 
Musgrave's  figures  for  Filipinos,  but  is  lower  than  that  reported  by 
Chamberlain  and  Concepcion  and  Bulatao.  It  is  also  lower  than  the 
records  for  Japanese,  but  compares  with  what  was  found  among 
Bengali. 

Diastolic  pressure  is  also  lower  than  what  has  been  recorded  by  other 
observers,  but  the  pulse  pressure  is  slightly  higher  than  found  in  one  of 
the  studies  of  Filipinos. 

Objection  is  taken  sometimes  to  the  misleading  character  of  averages. 
We  have,  therefore,  taken  the  systolic  readings  for  ages  15  and  20  and 
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grouped  them  in  their  order  of  frequency.  The  average  readings  were 
97  and  103,  respectively.  The  percentages  for  different  readings  were 
as  follows  : 

Age  15  Age  20 

71  to    80  mm.  Hg 12%  4% 

81  to    90  mm.  Hg 31%  13% 

91  to  100  mm.  Hg 19%  38% 

101  to  110  mm.  Hg 31%  22% 

111  to  120  mm.  Hg 6%  16% 

121  to  130  mm.  Hg 1%  7% 

Thus  81  per  cent,  of  the  readings  for  age  15  were  between  81  and 
110  mm.  For  age  20.  60  per  cent,  of  the  readings  were  between  91 
and  110  mm. 


TABLE  6.- 


-Blood  Pressure  of  Healthy  Male  Chinese  Students  of  the 
Canton   Christian   College 


Systolic 

Diastolic 

Pulse 

Aver- 

Average Pressure 

Pressure 

Pressure 

Pressure 

age 

Age 

No. 

Rate 

■ 

Sys- 

Dias-     Pulse 

Maxi- 

Mini- 

Maxi- 

Mini- 

Maxi- 

Mini- 

of 

tolic 

tolic 

mum 

mum 

mum 

mum 

mum 

mum 

Pulse 

7 

2 

65 

35            30 

70 

60 

40 

30 

30 

30 

78 

8 

11 

80 

50      !      28 

95 

60 

60 

35 

40 

20 

89 

9 

18 

84 

53 

31 

100 

60 

75 

35 

50 

15 

92 

10 

28 

80 

51 

29 

110 

60 

70 

35 

50 

15 

90 

11 

31 

83 

50 

33 

100 

65 

75 

30 

45 

10 

85 

12 

48 

88 

55 

33 

115 

65 

75 

20 

60 

15 

84 

13 

47 

89 

56 

33 

105 

75 

70 

40 

50 

15 

85 

14 

63 

97 

59 

35 

125 

75 

85 

30 

65 

15 

84 

15 

90 

97 

60 

36 

130 

75 

80 

35 

70 

15 

82 

16 

101 

100 

60 

41 

130 

70 

85 

35 

70 

10 

83 

17 

97 

100 

63 

37 

130 

75 

95 

40 

70 

10 

83 

18 

81 

102 

64 

39 

130 

75 

85 

45 

70 

10 

82 

19 

65 

105 

65 

40 

130 

70 

80 

45 

65 

10 

81 

20 

46 

103 

62 

41 

125 

85 

80 

50 

65 

20 

78 

21 

18 

102 

63 

40 

125 

85 

80 

50 

65 

20 

80 

22 

13 

108 

59 

42 

155 

85 

80 

45 

65 

20 

81 

23 

5 

93 

59      \      34 

110 

80 

65 

53 

57 

15 

78 

24 

2 

103 

57 

40 

105 

100 

60 

55 

40 

40 

60 

25 

2 

100 

73 

27 

100 

100 

80 

65 

35 

20 

77 

26 

95 

70 

25 

72 

27 

110 

85 

25 

64 

29 

95 

70 

25 

88 

30 

105 

75 

30 

72 

31 

130 

80 

50 

81 

36 

90 

50 

40 

72 

Following  Wolfensohn-Kriss  and  Michael,  I  have  estimated  the 
blood  pressure  in  accordance  with  weight  (Tables  5  and  7).  Here  the 
age  factor  was  not  involved,  except  that  all  measurements  were  made 
in  male  subjects  from  7  to  Z6  years  of  age. 

The  systolic  pressure  shows  an  increase  from  81  mm.  in  boys  weigh- 
ing from  16  to  20  kg.  to  106  mm.  in  young  men  of  61  to  65  kg.  weight 
or  an  increase  of  25  mm.  The  diastolic  pressure  shows  an  increase  of 
15  mm.  and  the  pulse  pressure  a  much  less  marked  increase. 

Wolfensohn-Kriss'  figures  closely  parallel  my  ow^i  up  to  the  40  to 
45  kg.  limit.  After  that,  her  records  are  higher.  Michael,  on  the  other 
hand,  gives  considerably  higher  reading  throughout  the  series. 
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If  height  is  taken  as  the  standard  for  estimating  the  pressure,  there 
is  also  found  to  be  a  progressive  increase  as  the  subject  grows  (Tables 
4  and  8). 

Thus  between  the  101  to  110  cm.  group  and  the  171  to  180  cm. 
group,  the  systolic  pressure  rises  40  mm.,  the  diastolic  25  mm.  and  the 
pulse  pressure  16  mm. 

Comparing  my  readings  with  those  of  other  observers,  the  Cantonese 
shows  a  marked  inferiority  in  blood  pressure  taken  with  reference  to 
his  height. 


TABLE  7. — Average  Blood  Pressure  of  Cantonese  Males  According 
TO  Their  Weight 


Weight  in  Kg. 

Number 

Average 
Systolic 

Average 
Diastolic 

Average 
Pulse 

11-15 

16-20 

1 
30 
66 
85 
70 
67 
141 
160 
107 
35 
9 

60 
81 
83 

96 
100 
101 
104 
106 
106 

30 
51 
51 
55 
60 
59 
60 
63 
64 
65 
66 

30 
29 

21-25. . .                     .           .... 

3-2 

26-30 

32 

31-35 

34 

36-40 

37 

41-45 

40 

46-50...              

32 

51-55 

40 

56-60 

41 

61-65 

41 

TABLE  8. — Average  Blood  Pressure  of  Cantonese  Males  According 
to  Their  Height 


Height  in  Cm. 

Number 

Average 

Average 

Average 

Systolic 

Diastolic 

Pulse 

90-100 

1 

70 

40 

30 

101- 

-110 

3 

65 

41 

23 

111- 

-120 

27 

82 

50 

31 

121-130 

68 

89 

84 
87 

52 
55 

32 

131- 

-140 

32 

141 

-150 

93 

96 

59 

37 

151- 

-160 

200 

lOO 

61 

39 

161-170 

256 
32 

102 
105 

63 
66 

39 

171- 

-180 

39 

181 

-190 

1 

105 

70 

35 

DISCUSSION 

It  thus  appears  that  the  systolic  blood  pressure  of  Cantonese  and 
other  Chinese  young  men  from  the  South  of  China  averages  from 
20  to  30  mm.  of  mercury  less  than  the  normal  for  people  in  Europe 
and  North  America.  Correspondingly  low  systolic  pressure  has  been 
observed  among  Bengali  and  Filipinos. 

The  diastolic  pressure  of  the  Chinese  is  also  lower  than  the  generally 
accepted  normal,  but  by  only  10  to  20  mm.  The  Filipinos'  diastolic 
pressure  seems  to  be  higher. 

The  average  pulse  pressure  shows  little  variation  from  the  generally 
accepted  normal,  and  is,  therefore,  relatively  high. 
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In  our  studies  there  is  a  regular  arithmetic  increase  of  systoHc  and 
diastolic  pressure  values  from  7  to  22  years  of  age.  A  less  regular 
increase  is  observed  in  the  pulse  pressure. 

In  this  connection  it  is  a  remarkable  fact  that  hypertension  as  a 
pathological  condition  in  Chinese  is  very  unusual.  In  an  extensive 
medical  practice  of  more  than  twelve  years  in  Canton,  I  have  rarely 
met  with  hypertension,  either  with  or  without  signs  of  nephritis, 
although  chronic  Bright's  disease  is  very  common.  When  met  with, 
marked  hypertension  has  generally  been  associated  with  aortic  valvular 
disease  of  the  heart.  Other  observers  in  Canton  have  confirmed  my 
findings. 

In  looking  for  a  possible  explanation,  the  following  suggestions 
have  come  to  me:  (1)  Use  of  opium;  (2)  decreased  capacity  for 
muscular  effort,  causing  a  decrease  in  muscle  tone;  (3)  small  stature  and 
lighter  weight ;  (4)  deficient  suprarenal  or  other  hormones  in  the  body, 
producing  a  lack  of  dynamic  force;  (5)  the  large  vegetable  diet.  A 
Chinese  subsists  chiefly  on  rice,  with  only  minute  amounts  of  meat. 
(6)  Simplicity  of  life,  and  absence  of  nervous  strain;  (7)  effects  of  the 
tropical  climate  causing  (a)  constant  dilatation  of  the  peripheral  blood 
vessels;  (b)  the  secretory  function  of  the  skin  is  increased  and  probably 
the  normal  surface  resistance  and  vasomotor  tension  necessary  to  pro- 
duce the  required  surface  heat  of  temperate  climates  is  greatly  dimin- 
ished in  the  tropics  the  year  round;  (c)  splanchnic  influences.  The 
vasomotor  tone  of  the  splanchnic  system  has  a  marked  effect  on  motor 
tone;  (d)  a  vasoconstriction  of  the  superficial  blood  vessels;  (e)  varia- 
tions in  the  volume  and  viscosity  of  the  blood. 

In  my  studies  of  the  Cantonese  youth,  I  can  exclude  Numbers  1 
and  2  as  possible  factors.  Number  3  is  applicable,  as  my  studies  prove 
that  the  Cantonese  is  shorter  in  stature  and  of  lighter  weight  than 
American  and  European  youth.  Number  4  is  at  present  based  on  theory, 
but  I  have  seen  no  lack  of  vigor  or  dynamic  force  in  our  students. 

It  may  be  inferred  that  diet  and  the  various  factors  listed  under 
climate  have  a  bearing  on  the  phenomena. 

CONCLUSION 

A  study  of  the  blood  pressure  of  774  healthy,  male,  Cantonese 
youths  shows  that  their  average  systolic,  diastolic  and,  to  a  less  degree, 
pulse  pressures,  are  lower  than  the  standards  for  European  and  Ameri- 
can youth  of  corresponding  age,  weight  or  height. 


RENAL     FUNCTION     AND     THE     AMOUNT     OF 
FUNCTIONING    TISSUE 

THE    ratio:   glli  {-;:- ?J^^c.c°of'bl6od'''     -^fter    giving 

UREA     AND     WATER  * 
T.     ADDIS.     M.D. 

SAX     FRANCISCO 

This  is  the  first  of  a  short  series  of  papers,  the  outcome  of  an 
attempt  to  draw  quantitative  structural  deductions  from  functional 
results.  The  few  methods  used  are  discussed  and  criticized  only  in 
reference  to  the  question  as  to  whether  the  results  give  information  in 
regard  to  the  amount  of  secreting  tissue  in  the  kidney.  This  narrow 
point  of  view  has  been  adopted  because  the  purpose  of  the  inquiry  is 
entirely  utilitarian  and  clinical.  All  manifestations  of  renal  function 
have  an  intrinsic  interest  from  the  standpoint  of  physiology.,  but  it  is 
maintained  that  only  those  from  which  we  can  draw  quantitative  con- 
clusions about  the  amount  of  tissue  in  the  kidney  are  of  immediate  and 
practical  clinical  importance. 

Such  an  idea  is  foreign  to  nearly  all  the  recent  work  on  this  subject. 
Nevertheless,  from  the  time  of  Bright  up  to  about  the  beginning  of 
the  last  decade,  the  hope  that  functional  methods  might  ultimately  be 
used  as  a  measure  of  the  extent  of  a  renal  lesion  was  probably  the  main 
incentive  to  clinical  investigation  into  the  function  of  the  kidney.  But 
since  Schlayer's  papers  were  published,  that  is  to  say,  during  the  very 
time  when  technical  methods  were  so  perfected  as  greatly  to  facilitate 
the  mechanical  side  of  the  work,  this  hope  appears  to  have  been  aban- 
doned. Schlayer  is  largely  responsible  for  this  modern  attitude  of 
disillusion.  He  demonstrated  that  there  was  no  quantitative  relation 
between  the  function  of  the  kidney,  as  he  determined  it.  and  the  amount 
of  damage  it  had  suffered  experimentally  or  through  disease.  But 
while  he  rejected  the  idea  of  drawing  quantitative  structural  inferences 
from  functional  work,  he  believed  that  functional  methods  were  of 
value  in  detecting,  if  not  the  amount,  at  least  the  location  of  disease 
in  the  kidney.  He  thought  he  could  determine  whether  disease  affected 
mainly  the  vessels  or  mainly  the  tubules.  However,  it  was  soon  shown 
that  it  was  impossible  to  make  such  a  distinction  by  functional  methods. 
This  failure  to  draw  even  qualitative  anatomic  deductions  from  func- 
tional results  had  a  marked  psychologic  effect ;  all  the  more,  because, 
at  the  same  time,  the  limitations  of  histologic  methods  were  emphasized. 
Instances  were  cited  in  which  no  evidence  of  renal  damage  was  obtained 
by  microscopic  examination,  although  there  had  been  obvious  indica- 
tions of  a  failure  of  renal  function,  and,  on  the  other  hand,  cases  were 
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reported  with  apparently  normal  function  in  which  gross  manifestations 
of  structural  derangement  were  found.  In  view  of  all  these  facts  ,the 
tendency  of  clinical  investigators  has  certainly  been  to  give  up  what 
seemed  to  be  a  hopeless  attempt,  to  take  what  they  did  have — the 
functional  results — and  to  try  to  establish  classification  and  treatment 
on  a  functional  rather  than  on  an  anatomic  basis. 

This  view  will  not  be  held  permanently.  At  best  it  is  only  a  con- 
fession of  failure,  the  result  of  inadequacies  in  present  day  functional 
and  histologic  methods.  It  can  serve  only  as  a  preparation  for  a 
renewed  attempt  on  the  problem  of  the  relation  between  renal  function 
and  structure,  the  problem  which  Bright  set  before  himself  nearly  a 
century  ago. 

Improvement  in  functional  methods  has  been  mainly  technical.  We 
can  now  measure  more  easily,  and  also  more  accurately,  the  amounts 
of  various  substances  eliminated  by  the  kidney.  But  in  other  respects 
there  has  been  little  change.  In  particular,  a  fundamental  principle 
applicable  to  all  functional  methods,  when  they  are  to  be  used  for 
structural  deductions,  has  been  neglected  almost  entirely.  Unless  the 
functional  manifestation  is  the  maximal  effort  of  which  the  organ  to 
be  tested  is  capable,  no  structural  inferences  can  be  drawn  from  it. 
For  instance,  it  might  be  possible,  from  a  measurement  of  the  force 
exerted,  to  make  a  fairly  accurate  prediction  as  to  the  amount  of  mus- 
cular tissue  concerned  in  some  action,  such  as  weight  lifting — but  only 
if  the  effort  put  forth  were  the  greatest  the  muscles  could  perform. 
Thus,  two  different  amounts  of  muscle  tissue  might  both  raise  a  10 
pound  weight.  No  deduction  as  to  their  relative  size  could  be  made. 
But  if  it  were  to  be  found  that  in  one  case  50  pounds  was  all  that 
could  be  lifted,  while  in  the  other  case  100  pounds  was  the  maximum, 
it  would  be  legitimate  to  conclude,  other  things  being  equal,  that  one 
was  twice  as  large  as  the  other.  In  the  kidney  also  the  functional  out- 
put must  be  at  a  maximum  if  quantitative  deductions  in  regard  to  the 
amount  of  the  secreting  tissue  are  to  be  drawn. 

In  the  above  example  the  deduction  as  to  the  amount  of  muscular 
tissue  from  the  functional  result  would  be  valid  only  if  the  conditions 
w-ere  such  that  extramuscular  factors  were  equally  operative.  So, 
also,  if  renal  function  is  to  be  used  as  a  measure  of  the  amount  of 
secreting  tissue,  the  extrarenal  circulatory  and  nervous  factors 
concerned  in  excretion  must  be  uniform. 

THE     UREA     RATIO     TEST 
T-1        T")    .  •  Urea   in   one  hour's   urine         r ,  ■     .     _  j  i 

ihe  Ratio:  T^ -■ — tkk-f m — a    after  givmg  urea  and  water. 

Urea  in   100  C.c.  of  blood  f^  o 

The  development  and  some  of  the  theoretic  aspects  of  this  test  were 
dealt  with  in   1917.^     Since  then  the  technic  has  been  modified  as   a 
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result  of  further  work  on  animals  -  and  on  man.^  In  its  present  form 
the  method  has  been  in  use  for  two  years  in  clinical  work  on  Bright's 
disease,  and  it  seems  unlikely  that  any  further  considerable  change 
will  be  required,  although  much  remains  to  be  done  in  regard  to  the 
establishment  of  standards  of  normality.  Only  the  practical  application 
of  the  test  will  be  dealt  with  in  this  paper. 

Two  essential  conditions  are  required.  One  is  that  the  kidney 
should  be  placed  under  circumstances  which  call  for  great  activity  in 
urea  excretion.  The  other  is  that  there  should  be  an  absence  of  cer- 
tain specific  renal  stimulants  and  depressants.  The  first  is  met  by  the 
administration  of  an  amount  of  urea  which  will  raise  the  concentration 
of  urea  in  the  blood  reaching  the  kidney,  while  at  the  same  time  a 
diuresis  is  induced  by  water  drinking.  The  second  is  fulfilled  if  the 
test  is  carried  out  in  the  morning,  before  the  subject  has  taken  food, 
and  if  the  collections  of  urine  and  blood  are  not  commenced  until  three 
hours  after  the  urea  has  been  taken. 

The  details  of  the  procedure  used  in  clinical  work  are  as  follows : 
At  6  a.  m.  the  patient  slowly  drinks  about  1.CX30  c.c.  water  in  which 
urea  is  dissolved.  When  the  blood  urea  concentration  is  between  15 
and  25  mg.  per  hundred  c.c,  30  gm.  urea  are  given.  If  the  blood  con- 
centration is  already  as  high  as  60  mg.  of  urea  per  hundred  c.c,  no 
urea  need  be  taken.  At  intermediate  blood  urea  levels  appropriate  quan- 
tities of  urea  are  administered,  so  that  when  the  first  blood  is  collected 
it  should  have  a  concentration  of  between  60  and  90  mg.  of  urea  per 
hundred  c.c.  At  7  a.  m.,  and  every  hour  thereafter  until  11a.  m.,  the 
patient  drinks  two  glasses  of  water.  No  breakfast  is  given.  Urine 
is  voided  every  hour,  but  at  9  a.  m..  the  time  at  which  urination  is 
completed  is  noted  to  within  thirty  seconds,  and  at  10  a.  m.,  11  a.  m. 
and  12  noon  urine  is  passed  directly  into  special  bottles  and  the  exact 
time  noted.  The  patient  must  be  instructed  to  make  each  voiding 
as  complete  as  possible,  and  to  take  the  time  at  the  end,  and  not  at  the 
beginning  of  urination.  For  women  a  special  commode  is  used  with  a 
large  funnel  emptying  into  a  removable  bottle.  Blood  is  obtained  at  the 
middle  of  each  of  the  three  hourly  periods  over  which  urine  is  collected. 
The  urea  content  of  these  urine  and  blood  specimens  must  be  estimated 
with  a  high  degree  of  accuracy,  for  even  small  errors  may  markedly 
influence  the  ratio  if  they  happen  to  be  in  opposite  directions  for  the 
blood  and  for  the  urine. 

When  these  conditions  are  observed  the  rate  of  urea  excretion  is 
governed  by  only  two  factors,  the  concentration  of  urea  in  the  blood 
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and  the  amount  of  secreting  tissue  in  the  kidney.     Since  the  concen- 
tration of  urea  in  the  blood  is  determined,  it  follows  that  the  ratio : 

rate    of    urea    excretion  •,       urea    in    one    hour's    urine     •  .^„„ 

. — -7- 7-n — :;,  or  as  we  measure  it,  ■■ — tx^, .  ..    .,  is  a  mea- 

urea   m    100   c.c.   of  blood'  ^        -^    "  ^  .'    urea   in    100   c.c.   of  blood' 

sure  of  the  amount  of  secreting  tissue  in  the  kidney. 

When  the  amount  of  secreting  tissue  in  the  kidney  is  constant,  the 
rate  of  urea  excretion  varies  directly  with  the  blood  urea  concentra- 
tion. In  the  same  normal  adult  individual  the  amount  of  renal  tissue 
may  be  assumed  to  remain  nearly  constant,  and  if  this  statement  is 
true,  there  should  be  a  direct  proportion  between  the  amounts  of  urea 
in  an  hour's  urine  and  the  amounts  of  urea  in  100  c.c.  of  blood,  so 
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Fig.  1. — The  amount  of  urea  in  one  hour's  urine  is  directly  proportional  to 
the  amount  of  urea  in  100  c.c.  of  blood,  when  the  amount  of  renal  tissue  is 
constant,  and  when  certain  conditions  are  observed.  Observations  on  the  same 
subject  at  different  levels  of  blood  urea  concentration. 


that  the  rates  plotted  against  their  respective  blood  urea  concentrations 
should  fall  in  a  straight  line.  Figure  1  shows  a  series  of  hourly  rates 
measured  in  the  same  individual.  The  blood  urea  concentrations  were 
varied  by  administering  varying  quantities  of  urea. 

These  experiments  show  that  when  the  amount  of  renal  tissue  is 
constant  there  is  a  direct  relation  between  the  rate  of  urea  excretion 
and  the  blood  urea  concentration,  so  that  changes  in  the  level  of  urea 
concentration  in  the  blood  between  20  and  120  mg.  are  associated  with 
corresponding  changes  in  the  rate  of  urea  excretion. 

It  should  be  emphasized  that  this  is  not  a  general  law.  It  holds 
true  only  under  the  special  and  peculiar  conditions  which  have  been 
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outlined.  We  have  mam-  rates,  observed  in  the  subject  from  whom 
the  measurements  shown  in  Figure  1  were  obtained,  which  show  how 
far  the  rate  of  urea  excretion  may  vary  from  any  direct  relation  with 
the  blood  urea  concentration,  and  we  have  already  given  manv 
instances  of  great  variations  in  the  rate  in  spite  of  a  constant  blood 
urea  concentration/  These  variations  are  of  particular  interest  and 
importance  as  showing  the  high  degree  of  adaptability  inherent  in  the 
mode  of  action  of  the  kidney,  and  its  freedom  from  subjection  to 
merely  physical  and  mechanical  conditions.  But  when  we  wish  to 
deduce  the  size  of  the  kidney  from  its  function,  all  this  complex 
mechanism  of  adjustment,  of  concurrent  or  alternating  inhibition  and 
excitation,  must  be  merged  in  the  drive  toward  the  maximum  rate 
of  excretion  allowable  under  the  circumstances.  The  fact  that  such 
a  direct  relationship  between  blood  concentration  and  rate  of  excretion 
can  be  demonstrated,  is  an  indication  that  we  have  succeeded  in  attain- 
ing this  unity  of  action,  and  that  under  these  special  conditions  all  the 
circulatory  and  nervous  factors  concerned  in  renal  activity  are  working 
together  towards  one  end. 

TT-,  ^,  .       r  1  .  •  •         ^,  ..  urea   in    one    hour's    urine 

W  hen  the  amount  oi  renal  tissue  vanes,  the  ratio  :  : — r^ t-^. — ^ 

urea   in    100   c.c.    of   blood 

is  directly  proportional  to  the  amount  of  secreting  tissue  in  the  kidney. 
This  again,  of  course,  is  no  general  law,  but  is  true  only  under  the 
specific  conditions  described.  The  detailed  proof  will  require  much 
further  work,  but  there  is  already  sufficient  evidence  that  it  is  at  least 
approximately  true.  It  has  already  been  shown,  though  at  that  time 
the  conditions  under  which  the  ratio  ought  to  be  measured  were  only 
imperfectly  understood,  that  the  loss  of  renal  substance  involved  in  the 
removal  of  one  kidney,^  or  the  variable  loss  arising  from  differing 
degrees  of  uranium  intoxication,''  was  revealed  by  the  degree  of  depres- 
sion in  the  ratio.  We  are  now  engaged  in  a  study  of  the  relation 
between  the  weight  of  the  kidneys  and  the  magnitude  of  the  ratio  in 
rabbits.  It  appears  that  in  the  rabbit  every  10  gm.  of  renal  tissue — 
the  a\'erage  weight  of  both  kidneys  in  a  medium  sized  animal — will 
yield  a  ratio  of  approximately  1.75.  In  man  the  average  weight  of 
both  kidneys  is  about  300  gm.  If  there  is  a  direct  relation  between 
the  magnitude  of  the  ratio  and  the  size  of  the  kidney,  we  should, 
accordingly,  expect  to  find  that  the  average  ratio  in  man  was 
1.75  X  30.  or  52.5.  Our  present  average  for  normal  adults  is  50.-I — 
a  sufficiently  close  agreement. 

In  Table  1  all  the  ratios  obtained  from  normal  persons  under  these 
conditions  are  given.     There  are  163  in  all.     The  number  of  persons  is 
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thirty-one.  Almost  all  of  them  were  medical  students  between  23  and 
30  years  of  age.  In  a  few  cases  the  amount  of  urea  taken  varied,  but 
in  the  great  majority  30  gm.  were  given.  The  average  ratio  is  50.4, 
the  standard  deviation  ±  6.61  and  the  variability  (the  standard  devia- 
tion as  a  percentage  of  the  average)  13.1  per  cent. 

Part  of  the  variability  in  the  ratios  obtained  from  different  normal 
persons  is  no  doubt  due  to  differences  in  the  amount  of  renal  tissue 

TABLE  1.— Ratios  Obtained  from  Normal  Adults  After  Administration 
OF  Urea  and  Water 

Name           Ratio  Name           Ratio               Name           Ratio               Name           Ratio 

Dru 56.9         Add 45.1  Geo 43.5  Nak 43.0 

■     58.8  45.4                                          42.0                                         48.0 

56.0  42.3                                          38.5                                         47.0 

38.4  44.0                                            39.7                                            45.0 

57.6  51.4 

54.4  42.9  Jac 60.8  Ank 48.4 

53.0  45.0                                          fiO.8                                          48.8 

54.6  44.8  fil.4  .50.0 

57.7  43.5  54.9 

58.5  50.9  War 45.9 

54.2  49.6  New 39.2  49.1 

54.0  43.3  .j9.2  51.0 

53.6  41.9  39.8 

49.1  50.9  39.6  Dia 48.2 

50.4  47.8  38.3  45.5 

57.4  43.1  35.9  48.0 

55.3  45.3  38.5 

53.4  49.3  Ves 46.7 

56.1  44.3  Pis 45.1  43.8 

55.0  50  7  58.7  53.8 

52.6.  42.4  42.5 

51.2  51.4  Dun 50.5 

55.2          Jen 54.1  55.3  48.5 

53.8  48.3  47.1  419 
58.4  51.1 

57.4  46.6  Kol.' 60.7  Moo .50.0 

61.4  61.7  49  0 

58.5  Hun 58.4  57.6  46.1 

55.4  58.2  .58.2 

56.4  56.9          Bin 49  0 

57.6  Aze .55.9  54.2  52.3 

59.0  52.6                                          56.0  47.7 
61.1 

Har 38.6  Col (Ki.5  Sea 54.5 

Col 41.2  38.1  59.4                                            .55.1 

45.6  36.7  65.9                                            55.9 
44.2 

47.4  Chr 43.7  Kel .51.5 

48.6  Cim .52.4  .51.6 

Swe 45.9  47.8 

49.6  Pro 46.3  44.8 

4.5.8  54.0  Pie 51.1 

54.4  47.0 

Sei  44.7  Mve 46.0  46.2 

49.7  48.0 
50.2          Nor 53.2  48.5 

55.6  56.9  39.5  Nap .53.0 

54.5  58.6  41.0  .55.6 
.56.1    ■                                         64.8                                            40.0  54.6 

they  possess.  The  true  variability,  i.  e.,  the  fluctuations  due  to  the 
influence  of  other  physiologic  factors  then  the  size  of  the  kidney  and 
to  errors  in  collection  and  chemical  technic,  can  be  gaged  in  a  rough 
way  from  the  variability  of  the  ratio  in  a  single  person.  We  have 
thirty-three  ratios  in  the  subject  Dru.  and  the  variability  is  only  5.1 
per  cent.,  as  compared  with  13.1  per  cent,  in  the  group.  Some  means 
should  be  found  wherebv  the  effect  of  these  variations  in  the  amount 


384 


ARCHIVES     OF    INTERNAL    MEDICINE 


of  renal  tissue  in  normal  persons  could  be  discounted.  It  is  highly 
desirable  for  adults,  and  in  dealing  with  children  it  is  absolutely  neces- 
sary, for  their  ratios  are,  of  course,  much  lower  than  those  obtained 
from  adults,  so  that  no  direct  comparison  is  possible.  There  is  no 
doubt  some  relation  between  body  weight  and  renal  weight,  and  in 
the  case  of  children  we  correct  the  ratio  by  reference  to  a  curve  drawn 
from  average  figures  given  by  Vierordt  '  on  the  percentage  of  kidney 
weight  to  body  weight  at  different  ages.  But  we  have  not  found  any 
data   from  which  the  reliabilitv  of  this  correction  can  be  calculated. 


Curve  showing  the  odds  that  any  wormal  ai>i/lt 
w0ulj5  have  as  low  or  a  lower  ratio 
than  those  &iven  below. 


The  ODDS  are  biven  on  the  ORDINATES. 

Thus  ^SO  //vd/cptes  that  one  wormal 
out  of  9^0  would  hkve  as  low  or 

A  LOWE/;    RAT;0  THf>hl  BO^—Tite 
COKKeSPOff»INa    KATIO    ON 
THE    AaSC/SSA. 


w    u    is.   lA    llU   4s   uh    m    i^    Ul  io 


Fig.  2. — Provisional  separation  of  ratio  obtained  in  adult  men  or  women  into 
those  which  can  be  regarded  as  within  the  limits  of  normal  variation  (normal 
ratios),  those  which  are  regarded  as  beyond  these  limits  (abnormal  ratios),  and 
those  which  cannot  with  anj-  certainty  be  described  as  either  normal  or  abnormal 
(doubtful  ratios). 

It  seems  likely  that  the  relationship  is  far  from  being  a  close  one. 
Warthin,®  who  has  been  interested  in  this  subject,  thinks  that  the  most 
reliable  estimate  of  the  range  of  variation  in  renal  weight  in  adults  is 
from  110  to  145  gm.  for  the  right  kidney,  and  from  150  to  180  gm. 
for  the  left,  and  he  is  impressed  with  the  variability  of  the  relation 
between  kidney  weight  and  body  weight.  Stewart  ^  recently  pub- 
lished  some   figures   which   showed   that   kidney   weight   varied   more 


7.  Vierordt:  Arch.  f.  Anat.  u.  Physiol.  Anat.  Abt.,  Suppl.  62:     1890. 

8.  Warthin,   Practical   Pathology,   Ed.  2,   George   Wahr.   Ann   Arbor,   Mich., 
p.  155. 

9.  Stewart,  Am.  Phvsiol.  57:45.  1921. 
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directly  with  body  surface  than  with  body  weight.  W'e  are  at  present 
collecting  data  on  this  question.  In  the  meantime,  it  seems  preferable 
to  use  the  ratio  without  attempting  any  correction  for  adults  even 
though  the  range  in  which  there  is  doubt  as  to  whether  normality  or 
abnormality  exists  is  thereby  considerably  widened.  From  the  average 
and  standard  deviation  of  the  ratios  obtained  from  normal  persons 
we  have  calculated  the  odds  that  any  normal  person  would  have  as  low 
or  a  lower  ratio  than  those  given  in  Table  2.  The  limits  of  the  normal, 
the  doubtful  and  the  abnormal  are  provisionally  and  arbitrarily  indi- 
cated.   They  are  also  shown  in  Figure  2. 

Examples  of  the  application  of  this  method  in  clinical  work  will  be 
given  in  a  later  paper  of  this  series.  We  have  found  it  of  value  in  the 
diagnosis,  prognosis  and  treatment  of  Bright's  disease. 

TABLE  2. — The  Odds  That  Any  Normal  Person  Will  Have  as  Low  or 
A  Lower  Ratio  Than  Those  Given  in  the  Table 


\    Normal 

J 


Ratio  Odds 

50.4  or  less 1  in  2 

40.5  or  less 1  in  15 

39.8  or  less 1  in  18 

39.2 1  in  22 

38.5 1  in  28 

3T.9 1  in  35 

37.2 1  in  44 

36.5 1  in  56 

35.9 1  in  72 

35.2 1  in  93 

34.5 1  in  122 

33.9  or  less 1  in  162 

33  9  1  in  213 

32.6..'. 1  in  286 

31.9 1  in  385 

31.2 1  in  527 

SO.'e.!.' 1  in  741 

27  9  1  in  1,630 


Abnormal 


CONCLUSIONS 

L  Under  certain  special  conditions,  when  the  amount  of  secreting 
tissue  in  the  kidney  is  constant,  the  amount  of  urea  excreted  in  the 
urine  in  one  hour  is  directly  proportional  to  the  amount  of  urea  in 
100  c.c.  of  blood  sampled  during  that  period. 

2.  Under  certain  special  conditions,  when  the  amount  of  secreting 

11-1  •  1  ^-  urea   in   one    hour's   urine     •       j;_ _„fl,. 

tissue  in  the  kidney  varies,  the  ratio:   „,ea  in  loo  c.c.  of  blood  ^^  airecti} 
proportional  to  the  amount  of  secreting  tissue  in  the  kidney. 

^      _,,  ,.   .  ,  1   ■    1        ji  j_-  urea    in   one   hour's   urine 

3.  The  conditions  under  which  the  ratio:  ^^ea  in  loo  c.c.  of  blood 
becomes  a  measure  of  the  amount  of  secreting  tissue  in  the  kidney  are, 
first,  that  the  urea  excreting  capacity  be  placed  under  a  strain  so  that 
all  the  secreting  tissue  is  called  to  full  activity,  and  second,  that  there 
be  an  absence  of  the  effect  of  certain  specific  renal  stimulants  and 
depressants. 


STUDIES     IN     THE     KOTTMAXX     REACTION 
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The  function  of  the  thyroid  gland  has  been  studied  with,  perhaps, 
greater  interest  and  certainly  with  more  profit  by  physiologists  and 
clinicians  than  that  of  any  other  gland  of  internal  secretion.  Dur- 
ing recent  years  in  particular,  a  remarkable  revival  of  clinical  interest 
has  become  manifest,  stimulated,  no  doubt,  by  a  number  of  contributory 
factors,  among  which  may  be  mentioned  the  isolation  of  thyroxin ;  the 
development  of  a  number  of  simple  instruments  for  the  determination 
of  basal  metabolism ;  the  study  of  coagulation  alterations  associated 
with  thyroid  dysfunction ;  the  use  of  iodids  and  iodin  in  public  health 
work,  and  the  development  of  irradiation  in  the  treatment  of  hyper- 
thyroidism. It  may,  therefore,  be  warranted  to  present  in  some  detail 
the  study  of  the  Kottmann  reaction  for  thyroid  activity,  concerning 
which  we  have  already  published  a  brief  note.^ 

Technic. — The  technic  of  the  reaction  is  simple  and  depends  on  the  protective 
property  of  the  serum  for  silver  iodid.  When  the  protective  power  is  great, 
the  size  of  the  silver  iodid  particles  dispersed  in  the  serum  remains  small  and 
the  photosensitivity  of  the  silver  iodid  is  reduced.  If  the  protective  power  of 
the  serum  is  poor,  the  silver  iodid  forms  larger  particles,  becomes  more  photo- 
sensitive, and  will,  on  exposure  to  light  and  subsequent  development,  be  readily 
reduced  to  metallic  silver. 

To  1  c.c.  of  clear  serum,  obtained  preferably  in  the  morning  before  meals, 
0.25  c.c.  of  0.5  per  cent,  solution  of  potassium  iodid  is  added  and  0.3  c.c.  of  a 
0.5  per  cent,  solution  of  silver  nitrate.  The  reagents  should  be  prepared 
freshly  and  accurately  measured.  After  mixing  by  gently  agitating  the 
tube,  the  serum  is  exposed  for  five  minutes  at  a  distance  of  25  cm.  to  a  500 
Watt  mazda  lamp.  Then  0.5  c.c.  of  a  0.25  per  cent,  solution  of  hydrochinon  is 
added,  and  the  color  changes  noted  at  definite  time  intervals.  Readings  can 
be  made  on  a  4  plus  basis,  or  colorimetrically  against  some  arbitrary  color 
standard.  In  some  of  our  work  we  have  used  a  solution  of  dialyzed  iron  for 
this  purpose  and  readings  are  then  expressed  in  terms  of  a  color  unit.  Serum 
from  cases  of  hyperthyroidism  retards  the  development  of  the  brown  color ; 
normal  serum  turns  brown  within  a  short  period  of  time;  serum  from  cases  of 
hypothyroidism  accelerates  the  appearance  of  the  dark  brown  color. 

CLINICAL     RESULTS 

In  our  preliminary  note  we  presented  the  results  of  400  tests  with 
this  reaction,  in  which  we  found  that  in   seventy  cases  of  clinically 


*  From  the  Department  of  Pathology  and  the  Laboratory  of  Physiological 
Chemistry,  University  of  Illinois  College  of  Medicine  and  the  Laboratory  of  the 
Augustana  Hospital. 

1.  Petersen.  Dobler,  Levinson  and  Laibe  :   J.  A.  M.  A.  78:1022  (.-Xpril  8)  1922. 
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evident  hyperthyroidism  sixty-five  serums  markedly  retarded  the  reac- 
tion, two  retarded  the  reaction  only  slightly,  two  were  normal  and  one 
serum  accelerated  the  reaction.  In  forty-nine  cases  of  simple  goiter 
(colloid  and  adenomatous)  the  reaction  was  in  all  cases  either  within 
normal  limits  or  the  serum  accelerated  the  reaction.  In  139  serums 
from  normal  individuals,  three  retarded  the  reaction  slightly. 

Kottmann  -  found  that  the  administration  of  bromids  retarded  the 
reaction,  just  as  the  addition  of  bromids  directly  to  the  serum  retards 

TABLE  1. — Effect  of  Addition  of  Potassium  Iodid  to  Serum 

General  Kottmann 

Patient            Date               Medication             Diagnosis  Goiter  Condition  Reaction 

W.  H.  K.   "       117/2-2        None Syphilis             None  Good  +  +  + 

1/19/22        KI  (fasting  serum)       +  + 

1,23  22        KI    (scrum    taken      0 

after  meaD 

1/26/22        KI +  + 


TABLE  2. — Effect  of  Fright  on  Re.ilction 

Greneral  Kottmann 

Patient              Date                            Diagnosis                         Gpiter          Condition  Reaction 

H.  D 11/18/21      Minor  gunshot  wound  of  face      None             Extreme  0 

ll/lV/21  fright 

11/20/21      Nervous  + 

N.  S 12/23/21      Automobile  accident None        Very  nervous  0 

12/25/21       Still  slightly  + 

narvous 


TABLE  3. — Effect  of  Traum.\  on  Serum  Reaction 


Patient              Date                            Diagnosis  Goiter 

L.  S 12/22/21      Contusion  of  brain None 

.Johnson 11  lT/21      Fractured  humerus None 

(Accident,  ll/lfi/21) 

H.  S 12/23/21      Contusion  of  brain None 

(Automobile  accident,  12/23/21) 

12/25'21       

12/26/21       


the  reaction.  We  have  studied  this  effect  in  a  number  of  patients  and 
have  found  it  quite  constant.  Merke  ^  has  also  confirmed  this  eft'ect  in 
the  serum  of  epileptics  when  on  bromid  medication. 

Inasmuch  as  an  excess  of  iodid  added  to  the  serum  retards  the  reac- 
tion, we  have  observed  the  effect  of  the  administration  of  iodids  in 
patients.    Table  1  illustrates  the  change  in  the  reaction. 

It  will  be  noted  that  the  reaction  is  retarded,  but  not,  as  a  rule,  so 
completely  as  after  the  ingestion  of  bromids. 


General 
Condition 

Kottmann 
Reaction 

Drowsy 

+  + 

Calm 

+  + 

Unconscious 

+  + 

Unconscious 
Semiconscious 

+  + 
+  + 

2.  Kottmann.  K. :   Schweizer  ined.  Wchnschr.  1:644,  1920. 

3.  Merke.  F. :    Schweizer  med.  Wchnschr.  51:200,  1921. 
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Fright. — A\'e  have  observed  a  decided  retardation  of  the  reaction 
with  fright,  illustrated  in  Table  2. 

On  the  other  hand,  in  patients  who  had  been  injured,  but  we're  not 
frightened,  or  injured  and  unconscious,  the  serum  reaction  was  found 
to  be  unaltered  (Table  3). 

The  Effect  of  Thyroidectomy  in  E.vophtlialiuic  Cases. — In  three 
cases  thyroidectomy  was  carried  out  on  patients  with  obvious  symptoms 
of  hyperthyroidism  and  the  serum  was  examined  before  and  after  the 
operation  (Table  4). 

Effect  of  Irradiation.- — We  have  had  the  opportunity  of  studying 
only  one  case  in  which  the  thyroid  region  was  irradiated.  The  patient. 
Mrs.  T.,  entered  the  Augustana  Hospital  with  a  history  of  nervousness. 
The  thyroid  gland  was  slightly  enlarged,  but  there  was  no  evidence  of 
hyperthyroidism  and  the  Kottmann  reaction  being  normal,  she  was  not 
subjected  to  operation.  She  was  given  one  (two-third  erythema  dose) 
roentgen-ray  treatment  over  the  thyroid  and  th}-mic   region,  and  the 

TABLE  4. — Effect  of  Thyroidectomy  ox  Serum  Reaction 

General  Kottmann 

Patient  Date  Condition  Reaction 

H.  K 11/4/21      Before  operation Highly  nervous  0 

11/18'21      Two  weeks  after  operation Still  nervous  +  + 

12/  2/21      Still  somewhat  nerA'ous  0 

12/  9/21      Still  somewhat  nervous  + 

Miss  B.  S.  . . .      11/7/21      Before  operation Very  nervous  0 

11/18/21      Improved  +  +  + 

Mrs.  A.  .T.  K.       11 '?6/2l      Before  operation Moderate  symptoms  0 

r  11/22      Improved  + 

1/14  22      Improved +  +  -r 


Kottmann  reaction  made  two  weeks  later  before  the  patient  left  the  hos- 
pital was  completely  retarded.  There  were,  however,  no  evidences  of 
hyperthyroidism  even  at  this  time. 

EXPERIMEXT.AL     DATA 

In  order  to  clear  up  a  number  of  points  observed  with  these  clinical 
cases,  we  have  carried  out  a  series  of  animal  experiments. 

The  Injection  of  Thyroxin. — We  first  studied  the  effect  of  thyroxin 
when  injected  into  the  blood  stream,  using  dogs  for  this  purpose. 

Experiment  1. — Dog  210;  weight  9,400  gm. ;   received   5  mg.  thyroxin  intra- 
venously Nov.  28,  1921.     Serum  samples  were  taken  as  follows  : 

Kottmann  Reaction 

Sample  1:     Before  injection -| — 1-  +  -|-  (Dark  brown) 

2:     .^0  minutes  after  injection...   -j — [ — 1-+   (Dark  brown) 

"         3:     1  day  after  injection +-i-+-|-   (Dark  brown) 

"         4:     2  days  after  injection -j — ( — \-+   (Dark  brown) 

"        5:3  days  after  injection -|-         (Faint  brown) 

"        6:4  days  after  injection —         ( Unchanged  ) 

"         7:     5  days  after  injection —         (Unchanged) 

8:7  days  after  injection -)-         (Died  from  distempter) 
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The  fact  that  the  effect  of  the  thyroxin  is  not  immediate,  but  that 
a  latent  period  of  several  days  elapses  before  the  effect  becomes  apparent 
i?  illustrated  in  the  second  experiment  as  well  as  in  the  first. 

Experiment  2.— Dog  220;  weight  10  kg.;  injected  intravenously  with  8  mg. 
thyroxin  Dec.  12,  1921,  at  11  :  30  a.  m.     Serum  samples  were  taken  as  follows  : 

Kottmann  Reaction 

Sample  1  :     Before  injection  +  + 

2:3  hours  after  injection +  +  H — h 

"         3:1  day  after  injection H — 1-  +  + 

"        4:     3  days  after  injection H — I — f-  + 

"         5:5  days  after  injection + 

"        6:7  days  after  injection — 

"         7:9  days  after  injection + 

"        8:     11  days   after  injection + 

"        9:     15  days  after  injection + 

"       10:     18  days  after  injection +  + 

"       11  :     23  days  after  injection +  +  + 

In  this  experiment  the  effect  was  first  observed  on  the  fifth  day 
after  injection  and  was  still  apparent  after  two  weeks. 

Tliyroidcctoiiiy. — If  injection  of  thyroxin  is  followed  by  a  serum 
alteration  made  manifest  in  the  Kottmann  reaction  by  a  lessening  of  the 
sensitivity  to  light,  we  might  assume  that  extirpation  of  the  thyroid 
would  result  in  a  hastening  of  the  reaction.  Kottmann  has  found  this 
reaction  to  be  accelerated  in  the  serum  obtained  from  myxedema 
patients. 

In  this  group  of  animals  a  complete  thyroparathyroidectomy  was 
carried  out,  but  in  the  relatively  short  period  of  time  that  the  animals 
lived,  there  was  no  distinct  evidence  of  an  alteration  of  the  reaction  in 
the  direction  expected. 

Experiment  3. — Dog  225;  operated  on  Dec.  15,  1921;  both  lobes  of  thyroid 
removed. 

(Colorimeter  Readings) 
Kottmann  Reaction 

Sample  1  :     Serum  before  operation 1.7 

"        2 :     24   hours   after   operation 1.9 

'■         3:2  days  after  operation 1.4 

"        4:4  days  after  operation 1.2 

"         5:6  days  after  operation 2. 

"        6:     8  days  after  operation 1.   (Distempter) 

"        7  :     12  days  after  operation 1. 

8 :     15  days  after  operation 1. 

9:19  days  after  operation 1.5 

Experiment  4. — Dog  236;  operated  on  Dec.  29,  1921;  both  lobes  of  thyroid 
removed. 

Sample  1  :     Serum  before  operation 2.0 

"        2 :     During  anesthesia   2.2 

3  :     After  24  hours 1-5 

4 :     After  4  days 2.0 

These  experiments  are,  of  course,  not  comparable  to  the  eft'ects  that 
have  been  recorded  by  Kottmann  with  serum  from  hypothyroid  cases. 
In  these  he  found  a  well  defined  acceleration  of  the  reaction  as  con- 
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trasted  with  the  retardation  found  in  hyperthyroidism.  It  is  possible 
that  if  the  animals  were  observed  for  a  considerable  time  some  alteration 
in  the  serum  in  the  direction  expected  might  be  observed. 

Massage  of  Thyroid  Gland. — We  next  studied  the  efifect  of  massage 
of  the  thyroid  gland  in  dogs  with  goiters.  It  is,  of  course,  known  that 
the  dogs  of  the  Great  Lakes  region  frequently  have  goiters.  For  our 
purpose  we  selected  animals  having  a  palpable  enlargement. 

ExPERiMEXT  5. — Dog  243:     Gland  massaged  Jan.  9,  1922. 

Kottmann  Reaction 

Sample  1  :     Blood  taken  at  11  :  45  a.  m ^  .  2.4 

"        2:     Masage  of  thyroid  for  1  hour  immediately  after   (12:45)  2.4_ 

"        3  :     Three  hours  after  massage   ( 3  :  45  ) 1.25 

4:     24  hours   later 1.0 

5  :     72  hours  later ; Colorless 

ExPERiMEXT  6. — Dog  245;  Jan.  20,  1922. 

Kottmann  Reaction 

Sample  1  :     At  noon 2.2 

(Massage  for  two  hours  :  1  :  40  to  3  :  40  p.  m.) 

2:     At  4  p.  m 2.2 

3:     At  8:30  p.  m 2.2 

4:     One   day   later.    1/21/22 2.2 

5 :     Three  days  later.  1/23/22 1.0 

6  :     Four  days  later,   1/24/22 0.0 

(Massage  for  one  hour,  1/25/22) 
7:     Six  days   later,   1/26/22 0.0 

(Massage  for  one  hour,  \/27/22) 

8:     Eight  davs  later.    1:28/22 0.0 

9:     Ten  days  later.  1/30/22 0.0 

EXPERIMEXT  7.— Dog  246;  Jan.  24,  1922. 

Sample  1 :     At  10  a.  m 2.5 

(Alassage  two   hours:    10  to   12   noon) 

At  2  p.  m 2.2 

At  6  p.  m 2.2 

One  day  later,   1/25/22: 1.6 

(Massage   one  hour,   1/27/22) 

Four  davs  later,   1/28/22 Colorless 

Six  days"  later,   1/30/22 Colorless 


The  next  dog  used  had  no  apparent  goiter,  but  the  thyroid  gland 
could  be  palpated.  The  gland  was  massaged  for  one  hour  Jan.  27,  1922, 
and  for  one  hour  January  2.  After  the  first  massage  the  tissues  of 
the  neck  were  somewhat  edematous  and  particularly  the  thyroid  lobes 
were  sensitive  to  touch.     This  continued  for  several  days. 

EXPERIMEXT  8.— Dog  256 ;  Jan.  27.  1922. 

Kottmann  Reaction 

Sample  1 :     10  a.  m.,  before  massage 2.2 

(10  to  11,  massage) 

2:     At  12  a.  m 22 

3:8a.  m..  one  dav  later,  1/28/22 2.0 

4:8a.  m.,  three  days  later,   1/30/22 2.0 

5:     8  a.  m.,  six   days   later,  2/2/22 0.4 

(Massage  one  hour) 

6 :     Seven  days  later,  2/3/22 0.0 
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Irradiation. — The  roentgen  ray  and  other  related  physical  agents 
have  dual  effects  on  tissues,'*  small  doses  causing  stimulation  (func- 
tional, formative,  etc.)  while  large  doses  may  cause  functional  paralysis 
and  destruction  of  the  cells.  Like  other  glandular  tissues  the  thyroid 
gland  is  relatively  sensitive  to  irradiation.  We  might  expect,  there- 
fore, that  small  doses  would  cause  some  stimulation  of  the  gland  and 
result  in  an  alteration  of  the  Kottmann  reaction.  We  have  carried  out 
four  experiments  in  this  connection. 

Experiment  9. — Dog  178;  Oct.  29,  1921;  irradiation  over  thyroid  area  at 
8:45  a.  m.  (Dose:  5  minutes,  Coolidge  tube  without  filter;  5  inch  spark,  10  inch 
focal  distance;  3  ma.) 

Kottmann  Reaction 

Sample  1  :     Serum   before   irradiation 0.0  * 

"        2  :     Serum  30  minutes  after  irradiation 0.9 

"        3:1  hour  and  30  minutes  after  irradiation 0.18 

"        4:3  hours  and  30  minutes  after  irradiation 0.33 

In  this  experiment,  extending  over  a  short  period  of  time,  it  becomes 
evident  that  the  first  effect  of  the  irradiation  is  not  one  indicating 
hyperthyroidism. 

Experiment  10. — Dog  179;  Oct.  31,  1921.     Irradiation  as  before. 

Kottmann  Reaction 
Sample  1 

2 
3 
4 

5 


Serum   before   irradiation 1.0 

30  minutes   after   irradiation 1.5 

1  hour  and  30  minutes  after  irradiation 4.0 

5  hours    after    irradiation 0.0 

24  hours  after  irradiation 0.0 


Experiment   11. — Dog   180;   Nov.   1,    1921.     Irradiation  as   l)efore. 

Kottmann  Reaction 

Sample  1  :     Serum  before   irradiation 1.3 

"        2 :     30  minutes   after   irradiation 2.5 

"        3:       1  hour   and  30  minutes   after  irradiation 1.1 

'■        4  :       6  hours   after    irradiation 0.7 

Experiment  12.— Dog  183;   Nov.  1,  1921.     Irradiation  as  before. 

Kottmann  Reaction 


Sample  1 
2 

3 
4 

5 
6 
7 


Serum   before   irradiation 1.0 

30  minutes   after  irradiation 2.2 

1  hour  and  30  minutes   after   irradiation 2.2 

3  hours  and  30  minutes  after  irradiation 2.2 

7  hours  and  30  minutes  after  irradiation 1.1 

1  day   after   irradiation 0.5 

3  days   after    irradiation 0.0 

6  days    after   irradiation 0.0 


All  four  experiments  indicate  that  the  first  eft'ect  of  the  irradiation 
seems  to  increase  the  photosensitiveness  of  the  reagents,  the  color 
developing  more  rapidly  and  to  a  greater  depth  in  the  serum  samples 
taken  during  the  hours  immediately  following  the  irradiation.  After 
this  time,  however,  the  reaction  is  reversed  and  the  serum  reaction  is 
retarded.  In  no  case  is  the  reaction  retarded  to  the  extent  that  one 
finds  in  serum  from  cases  of  hyperthyroidism. 


*  The   reaction   delayed,   an   experience   met    with   not    infrequentlv   in   dogs. 
4.  Petersen  and  Saelhof:    Am.  J.  M.  Sc.  163:391    (March)    1922. 
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In  the  next  dog  the  dose  was  increased  ( 10  minutes)  and  the  serum 
examined  for  a  longer  time  after  the  irradiation. 

Experiment  13.— Dog  209;   Nov.  28,   1921.     Irradiation  at   11:30  a.  m. 

Kottmann  Reaction 

Sample     1:     Blood    before    irradiation 2.0 

"  2:1  hour   after   irradiation 2.0 

"  3:1  day   after  irradiation 1.5 

"  4:2   days   after  irradiation 1.75 

"  5:3  days   after   irradiation 1.75 

"  6:       4  days   after   irradiation 1.75 

"  7:5   days   after  irradiation 1.75 

"  8:7   days   after   irradiation 0.5 

9:9  days   after   irradiation 0.0 

"         10 :     12  days   after   irradiation 0.0     Killed 

It  will  be  observed  that  in  this  case  the  evidence  of  increase  in  the 
thyroid  activity  was  not  apparent  until  about  seven  days  after  the 
irradiation,  if  we  exclude  the  transient  alteration  that  was  apparent 
twenty-four  hours  after  the  raying. 

Irradiation  of  Other  Regions:  Liver.- — During  the  course  of  the 
work  it  seemed  probable  that  any  cellular  destruction  that  would  entail 
the  accumulation  of  the  products  of  tissue  destruction  in  the  blood 
stream  might  influence  the  Kottmann  reaction.  With  a  large  dose  of 
roentgen-rays  we  might  anticipate  the  presence  of  such  fragments 
derived  from  the  cellular  destruction  of  the  liver  parenchyma.  An 
experiment  was  made  to  determine  the  point. 

Experiment  14. — Dog  234:   Dec.   12,   1921.     Liver  area   rayed  for  a  total  of 
forty-five  minutes  ;  no  filter :   5  inch  spark  gap ;  3  ma. ;    10  inch  focal  distance. 

Kottmann  Reaction 
Sample  1 
2 
3 
4 
"  5 
6 
7 


Before  irradiation   2.0 

1  hour   after   irradiation 2.0 

4  hours    after    irradiation 1.5 

1  day   after    irradiation 1.4 

3  days   after   irradiation 1.0 

6  days   after    irradiation 1.0 

9  days    after   irradiation 1.5 


Here  again  the  reaction  observed  is  not  of  the  type  seen  with 
exophthalmic  serums,  because  the  delay  in  the  serum  reaction  is 
transient ;  after  5  minutes  the  color  in  the  tubes  is  usually  equalized. 

Chloroform  Necrosis  of  the  Liver. — That  the  reaction  is  delayed 
when  the  liver  is  injured  by  other  methods  was  observed  when  we 
produced  a  chloroform  necrosis  of  the  liver  in  dogs  (two  days  starva- 
tion; one  hour  chloroform  anesthesia).  The  serum  from  these  animals 
examined  two  days  after  the  anesthesia  was  bile  stained  and  the  Kott- 
mann reaction  was  considerably  retarded. 

The  experiments  make  probable  the  assumption  that  anv  extensive 
tissue  injury  may  bring  about  serum  alterations  similar  in  character  to 
tho.se  produced  in  hyperthyroidism.  It  is,  of  course,  not  excluded  that 
irradiation  of  this  kind  and  other  related  injuries  mav  mobilize  sub- 
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stances  which,  on  entering  the  blood  stream,  may  stimulate  the  thyroid 
gland.  We  are  of  the  impression  that  the  first  explanation  is  the 
correct  one. 

Effect  of  Bacterial  Intoxication. — In  order  to  determine  the  effect 
of  a  severe  intoxication  (produced  by  the  injection  of  colon  bacilli)  the 
following  experiment  was  carried  out : 

Experiment  15. — Dog  2i2>\  Dec.  21.  1921:  weight,  13.2  kg.;  injected  intra- 
venously with  500  mg.  (moist  weight)  of  a  fresh  culture  of  colon  bacilli,  at 
10:30  a.  m. 

Kottmann  Reaction 

Sample  1  :     Before  injection    1.25 

2 :     30  minutes    after   injection 0.7 

1  hour  and  30  minutes  after  injection 0.0 

3  hours  and  30  minutes  after  injection 0.62 

Effect  of  Peptone  Injection. — 

Experiment  16. — Dog  231;  weight,  7.5  kg.;  injected  with  2  gm.  Witte  pep- 
tone  intravenously   at   10 :  35   a.  m. 

Kottmann  Reaction 

Sample  1  :     Before  injection    1.9 

2  :     10  minutes  after  injection 

Serum  flocculates  when  hydrochonin  is  added 

"         3:1  hour   after   injection 1.3 

"        4:4  hours   after  injection 1.6 

The  animal  was  in  shock  for  about  thirty  minutes  after  the  injection, 
but  made  a  complete  recovery  within  an  hour.  The  reaction  was  some- 
what delayed. 

Effect  of  Peptone  Ingestion. — 

Experiment  17. — Dog  237;  weight,  8  kg.;  given  50  gm.  Armour's  peptone 
by  mouth   at   10  a.   m. 

Kottmann      Leukocyte 
Reaction  Count 


Sample  1 
2 
3 
4 

5 


Before    injection    2.0  12,000 

30  minutes   later 2.0  14,300 

1  hour  and  30  minutes  later 1.7  40,000 

4  hours  later   1.8  28,400 

24  hours   later 1.9  14,000 


While  the  animal  reacted  with  a  distinct  leukocytosis,  the  Kottmann 
reaction  was  not  altered  to  anv  marked  extent,  only  a  slight  retardation 
being  apparent. 

Effect  of  Trypsin  Ingestion. — 

Experiment  18.— Dog  182;  15  gm.  trypsin  (in  the  form  of  enteric  pills) 
was  placed  directly  into  the  small  intestines  through  a  small  enterostomy 
opening. 

The  effect  on  the  serum   was  studied   at  the  following   intervals : 

Kottmann  Reaction 

Before  administration   of  trypsin 1-1 

2  hours  after 1-4 

4  hours  after 1-1 

6  hours  after 0.4 

10  hours  after 1-0 

24  hours  after b-1 


Sample  1 
2 
3 
4 

5 
6 
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In  another  experiment  trypsin  in  solution  was  injected  directly  into 
the  small  intestine  in  the  same  dog  at  11  :  30  a.  m.  (20  gm.). 

Experiment  19. — Dog  182.   The  serum  was  studied  at  the  following  intervals  : 

Kottmann  Reaction 

Sample  1 :     Before  injection    1-1 

2:       1  hour     later 1.1 

3:2  hours  later 0.4 

4:4  hours  later 0.9 

5:8  hours  later 0.6 

6:     24  hours  later 1-2 

Effect  of  Hemorrhage  on  the  Kottmann  Reaction. — 

Experiment  20.— Dog  184;  weight,  7  kg 


Sample  1 

2 
3 

4 
5 


Bled  as   follows  : 

Kottmann  Serum 

100  c.c 2.0 

100  c.c.     1  hour     later 1.6 

100  c.c.    2  hours  later • 1.6 

60  c.c.     3  hours  later 1.4 

80  c.c.     4  hours  later 1.0 


Experiment  21. — Dog  199;  9.600  gm.     Bled  as  follows: 

Kottmann 

Serum  Plasma 

Sample  1:     300  c.c 125  1.25 

2:      80  c.c.    1  hour    later 1.5  0.85 

3:      80  c.c.    2  hours  later 1.25  0.5 

4:       80  c.c.    3  hours  later 0.7  0.0 

Experiment  22. — Dog  200;  8.100  gm.     Bled  as  follows: 

Kottmann  Serum 

Sample  1  :     100  c.c 1.7 

2:     100  c.c.     1  hour     later 1.7 

3 :     100  c.c.    2  hours  later 1.4 

"        4 :     100  c.c.     3  hours  later 0.5 

Experiment  23. — Dog  238;  the  reaction  was  not  altered. 

Experiment  24. — Dog  265;  21,000  gm. ;  hied  as   follows: 


Sample  1 
2 
3 
4 
5 
6 


500  c.c. 

50  c.c. 

50  c.c. 

50  c.c. 

50  c.c. 

50  c.c. 


10  a.   m 

10:30  a.   m 1.5 


Kottmann  Serum 
1.5 


11    a.   m 

I  p.   m 

4   p.   m 

II  a.  m.   following 


dav. 


2.0 
2.0 
1.5 
1.0 


Exercise. — The  effect  of  exercise  on  the  Kottmann  reaction  was 
studied.  An  electrically  driven  treadmill  w^as  used  in  which  the  dogs 
were  placed  for  two  hour  runs.  The  serum  showed  no  alteration  with 
exercise  of  this  degree. 

When  the  duration  of  the  experiment  was  prolonged,  some  eft"ect 
was  observed,  as  is  shown  in  the  following  experiment. 


Experiment  25.— Dog  235;  Dec.  29.   1921. 


Sample  1 :     Before    

(Treadmill   six  hours,   about  90,000   feet) 

2:     Immediateh-   after   exercise 1.7 

3 :     Following  morning   1.0 


Kottmann  Serum 
2.0 
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While  the  effect  seemed  apparent  in  the  direction  of  retardation, 
this  was  never  marked  and  could  by  no  means  be  compared  to  the 
retardation  obtained  with  exophthalmic  serums. 

DISCUSSION 

Inasmuch  as  we  were  able  to  confirm  the  clinical  usefulness  ^  of  the 
Kottmann  reaction  in  making  apparent  certain  alterations  in  thyroid 
activity  associated  with  liyperthyroidism,  we  have  in  these  experiments 
sought  to  determine  whether  the  reaction  indicated  the  presence  of  the 
thyroid  secretion  in  the  blood,  or  whether  the  active  substance  of  the 
gland  brought  about  alterations  in  the  tissue  metabolism,  which  then 
became  manifest  in  an  indirect  way  in  the  Kottmann  reaction. 

Our  experiments  support  this  latter  contention.  Apart  from  the 
fact  that  when  thyroxin  is  directly  added  to  serum,  the  Kottmann  reac- 
tion is  not  retarded,  we  found  that  injection  into  animals  was  not 
followed  by  an  immediate  change  in  the  reaction,  but  that  a  period  of 
several  days  elapsed  (from  three  to  five)  before  the  eft'ect  of  the  injec- 
tion became  apparent  in  the  serum.  This  corresponds  with  the  clinical 
experience  that  with  injection  of  thyroxin  the  maximum  eft'ect  does  not 
become  apparent  for  a  number  of  days,  but  then  may  persist  for  ten 
days  or  more.  This  corresponds  with  the  effect  on  the  Kottmann  reac- 
tion observed  in  dogs. 

We  have,  furthermore,  been  able  to  demonstrate  that  following 
irradiation  of  the  thyroid  region  with  moderate  doses  of  roentgen  rays 
a  similar  effect  may  be  brought  about.  This  observation,  too,  coincides 
with  the  frequent  clinical  observation  of  thyroid  activation  during  the 
course  of  roentgen-ray  irradiation  of  the  gland  as  a  therapeutic  measure. 

Massage  of  the  hypertrophied  gland  in  dogs  also  results  in  a  retarda- 
tion of  the  serum  reaction  three  or  four  days  after  the  massage.  In 
the  single  experiment  with  massage  of  a  normal  gland  some  retardation 
was  also  observed,  but  not  to  the  same  extent  as  with  the  goiter  dogs. 

Other  experiments  which  were  made  (massive  roentgen-ray  irradia- 
tion of  the  liver,  peptone  shock,  bacterial  shock,  hemorrhage,  etc.)  were 
all  followed  by  definite  serum  alteration,  usually  in  the  direction  of  a 
retardation  of  the  reaction.  This  we  believe  is  in  these  cases  brought 
about  by  an  alteration  in  the  globulin  ratio  of  the  serum,  as  well  as 
alterations  in  the  hydrogen  ion  balance,  a  subject  which  will  be  taken 
up  in  a  subsequent  paper. 

It  is  evident  from  the  results  of  these  experiments  that  the  alterations 
in  the  reaction  with  serum  obtained  under  different  experimental  condi- 
tions need  not  be  associated  with  thyroid  dysfunction.  The  thyroid 
dysfunction  alters  cellular  metabolism  and  this,  in  turn,  alters  the 
physical  properties  of  the  serum  so  that  in  cases  of  hyperthyroidism  the 
serum    is   a    better    protective   agent   than    normally.      If    the  cellular 


396  ARCHIVES     OF    I.XTERXAL    MEDICINE 

metabolism  is  altered  by  otber  insults,  serum  alterations  must  also  take 
place  and  these  will  be  reflected  in  the  Kottmann  reaction.  It  is  needless 
to  emphasize  that  for  general  clinical  work  great  weight  need  not  be 
attached  to  changes  other  than  those  involved  in  thyroid  dysfunction, 
because  we  have  not  found  that  they  alter  the  reaction  (in  dogs)  to  a 
degree  comparable  with  the  alterations  produced  in  thyroid  disturbances 
in  clinical  material. 

We  have  observed  that  dog  serum  when  standing  for  several  days  in 
the  refrigerator  loses  its  protective  power  to  a  considerable  extent, 
differing  in  this  from  serums  obtained  from  cases  of  hyperthyroidism, 
which  have  been  kept  for  several  weeks  with  only  a  partial  loss  of  their 
protective  property.  Comparative  tests  made  with  dog  serum  must 
therefore  always  be  made  on  fresh  serum  under  strictly  uniform 
conditiftns. 

CONCLUSIONS 

1.  In  clinical  cases  of  hyperthyroidism  the  Kottmann  reaction  may 
return  to  normal  after  thyroidectomy.  Fright,  on  the  other  hand,  pro- 
duced a  positive  reaction  in  two  patients;  in  control  patients  who 
were  subjected  to  similar  trauma,  but  who  were  not  frightened  (one 
unconscious,  one  semiconscious,  the  other  conscious  and  calm)  the  reac- 
tion was  within  normal  limits. 

2.  Experimentally  it  has  been  found  that  thyroxin  injections,  irradia- 
tion and  massage  of  the  hypertrophied  gland  resulted  in  an  increased 
protective  property  of  the  serum  which  became  manifested  in  the  course 
of  several  days.  The  serum  alteration  is,  therefore,  not  a  direct  one, 
but  is  evidently  the  result  of  alterations  in  cellular  metabolism  brought 
about  by  the  increased  thyroid  activity. 

3.  Other  experimental  procedures  may  alter  the  reaction  (bacterial 
shock,  peptone  shock,  trypsin  ingestion,  hemorrhage,  irradiation  of 
remote  organs).  In  no  case  was  the  delay  in  the  reaction  comparable 
to  that  observed  with  exophthalmic  serums  and  we  do  not  believe  that 
the  alterations  in  the  reactions  observed  under  these  experimental  condi- 
tions will  detract  from  the  clinical  usefulness  of  the  test  in  the  diagnosis 
and  the  control  of  the  therapy  of  thyroid  dysfunction. 


THE     GLUCOSE     MOBILIZATION     RATE     IN 
HYPERTHYROIDISM  * 

BERTRAM     J.     SANGER,     M.D..     and     ELSIE     G.     HUN 

XEW    YORK 

In  a  preliminary  paper  ^  on  this  subject  the  results  of  some  observa- 
tions on  the  glucose  mobilization  rate  in  hyperthyroidism  were  reported. 
In  this  paper  the  results  will  be  exhibited  in  greater  detail.  Ten 
normal  controls  and  ten  well  marked  cases  of  exophthalmic  goiter  have 
been  studied  under  identical  conditions.  All  the  cases  of  hyper- 
thyroidism were  of  the  same  type,  i.  e.,  exophthalmic  goiter,  with  all 
the  clinical  manifestations  of  a  well  marked  thyrotoxicosis. 

The  object  of  the  experiments  was  to  obtain  some  insight  into  the 
mechanism  of  so-called  decreased  carbohydrate  tolerance  in  cases  of 
hyperthyroidism.  Through  studies  of  the  change  in  the  blood  sugar, 
the  respiratory  quotient  and  the  total  metabolism,  before  and  after 
glucose  ingestion,  we  derived  our  data  for  computing  the  carbohydrate 
utilization. 

The  procedure  need  not  be  gone  over  again  in  detail  as  it  was 
clearly  outlined  in  the  preliminary  paper.  A  Tissot  spirometer,  equipped 
with  a  Siebe-Gorman  half  face  mask  and  Douglas  valves,  and  a  Haldane 
gas  analysis  apparatus,  were  used  routinely  in  all  the  experiments  under 
the  standard  technic  for  this  type  of  work.  Snmples  of  the  total 
expired  air  were  taken  over  mercury  in  a  special  a^'^mpling  tvibe  for 
analysis.  All  technical  results  and  calculations  were  carefully  checked 
over,  and  all  sources  of  error  eliminated,  in  so  far  as  it  was  possible. 
Altogether  the  experiment  occupied  about  three  and  one-half  hours. 
The  fasting  patient  was  put  to  rest  for  from  one-half  to  three-q'.iarters 
of  an  hour  after  which  a  basal  period  was  run.  The  mask  was  then 
replaced  for  a  second  basal  period.  The  basal  respiratory  quotient  and 
total  metabolism  used  in  our  calculations  were  the  average  of  thc.re 
two  periods.  As  soon  as  these  were  completed,  blood  was  taken  for 
a  fasting  blood  sugar,  and  the  glucose  was  given  in  a  mixture  of  grape- 
fruit juice — for  the  most  part  the  dosage  was  1.75  gm.  per  kilogram 
body  weight.-  In  one  or  two  of  the  first  experiments  100  gm.  was 
given  without  regard  to  weight.  Fifteen  minutes  after  the  ingestion 
of  the  glucose,  the  blood  sugar  was  taken,  and  five  minutes  later  (i.  e., 
twenty  minutes  after  glucose  ingestion),  the  mask  was  replaced   for 


*  From  the   Department   of  Medicine.   College   of  Phj-sicians   and   Surgeons, 
Columbia  University,   and  the   Presbyterian   Hospital. 

1.  Sanger,   B.   J.:    Proc.   Soc.    Exper.   Biol.   &  M.    17:117,   1921. 

2.  Janney  and  Isaacson:    T.  A.   M.  A.   70:1131    (April   20)    1918. 
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the  first  postglucose  period.  The  duration  of  the  periods  was  usually 
ten  minutes.  This  made  the  first  period  end  on  the  half  hour  after  the 
takiuCT  of  the  elucose.  From  then  on  until  the  end  of  the  experiment  a 
period  was  run  every  half  liour.  making  in  all  five  postglucose  periods. 
Blood  was  withdrawn  again  one  hour  and  two  hours  after  the  glucose 
ingestion.  This  gave  us  two  basal  periods  and  five  postglucose  periods, 
and  four  samples  of  blood  for  analysis.  A  specimen  of  urine  taken  at 
the  end  of  the  experiment  was  tested  for  glucose.  W^ith  the  data 
obtained,  the  calculations  were  made  and  tabulated. 

The  comparison  of  the  change  in  the  metabolic  rate  between  the 
normals  and  the  cases  of  hyperthyroidism  was  very  confusing.  The 
percentage  rise  above  basal  was  much  less  in  the  cases  of  exophthalmic 
goiter  than  in  the  controls,  but  if  the  abnormal  cases  were  figured  on 
the  basis  of  what  the  rise  in  calories  would  have  amounted  to  had  the 
patient's  basal  metabolism  been  normal,   then   the   results   were   very 

TABLE  1. — Blood  Sugar  Curves  in  Normal  Controls 


Fasting 

C.L. 
...     0.89 
0.96 

H.D. 
0.83 
1.05 
1.08 
0.95 
0.25 

W.V.G. 
0.9i 
1.19 
0.93 
1.10 
0.28 

E.H. 

0.9-2 
1.37 
1.51 
1.14 
0.59 

B.S. 
0.80 
1.09 
1.35 
1.15 
0.55 

M.C. 

0.87 
1.10 
1.26 
1.17 
0.39 

M.C. 

0.72 
1.24 
1.54 
1.20 
0.82 

H.J. 

1.10 
1.20 
1.67 
1.20 
0.57 

R.Mc. 

0.92 
1.03 
1.40 
1.03 
0.48 

H.R.G. 
Lost 
0.76 
0.78 
0.73 

age 

0.85 

fiO  minutes 

1.30 

0.9.5 

Range 

0.41 

0.48 

TABLE  2. — Blood  Sugar  Curves  in  Cases  of  Hyperthyroidism 


,- ■ — -*— — ,  Aver- 

F.B.  H.G.  r.K.  C.E.  L.M.  A.S.  M.D.  G.S.  B.S.  E.R.       age 

Fasting 0.91  0.95  1.02  1.03  0.93  1.13  0.91  1.00  1.12  0.94       0.99 

15  minutes 1.3  1.25  1.54  1.40  1.37  2.00  1.50  1.40  1.74  1.30 

60  minutes 2.10  2.30  2.32  2.04  1.80  2.32  1.90  1.80  2.10  1.50 

120  minutes 1.85  2.30  2.0O  1.50  1.30  1.07  1.66  1.04  1.40  1.07 

Range 0.94  1.35  1.30  1.01  0.87  1.19  0.99  0.80  0.98  0.56       l.OO 


similar  to  those  obtained  in  the  normal  controls.  It  seems  likely,  there- 
fore, that  the  specific  dynamic  action  of  carbohydrates  is  much  the 
same  in  cases  of  hyperthyroidism  and  in  normal  persons. 

Taking  as  a  normal  blood  sugar  curve,  one  that  has  a  fasting  level 
from  0.7  to  1.1  gm.  per  liter,  that  reaches  its  peak  in  one  hour  after 
glucose  ingestion,  rarely  going  higher  than  1.7.  and  which  tends  to 
reach  its  fasting  level  within  two  hours,  then  our  ten  normal  controls 
were  well  within  this  range  (Table  1). 

In  no  case  did  glucose  appear  in  the  urine. 

The  cases  of  hyperthyroidism  showed  essentially  normal  fasting 
blood  sugars,  though  on  the  average  they  were  somewhat  higher  than 
the  fasting  values  found  in  the  normals  (Table  2).  The  range  in  the 
great  majority  of  cases  studied,  however,  was  quite  dififerent.     There 
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was  a  distinct  rise  after  fifteen  minutes,  but  the  peak  was  not  reached 
until  after  one  hour  when  it  was  distinctly  above  the  normal  range. 
The  blood  sugar,  in  the  great  majority  of  cases,  remained  distinctly 
elevated  after  two  hours.  There  was  one  notable  exception  to  this  in 
one  case  (E.  R.,  a  very  distinct  case  of  exophthahiiic  goiter),  in  which 
the  blood  sugar  curve  was  entirely  normal.  At  the  time  of  the  test 
this  patient  had  auricular  fibrillation  which  was  almost  certainly  sec- 
ondary to  the  thyrotoxicosis,  as  it  cleared  vip  entirely  (electro- 
cardiograph evidence)  under  treatment.  This  rather  strikingly  normal 
curve  in  a  well  marked  case,  along  with  one  or  two  other  cases  in  the 
series  that  were  within  normal  variation,  showed  that  all  cases  of 
hyperthyroidism  do  not  have  deranged  carbohydrate  metabolism  if 
judged  by  blood  sugar  curves  alone.  Five  of  the  cases  showed  glycosuria 
after  the  glucose  ingestion,  three  were  sugar  free  and  two  w^ere  not 
tested  through  error. 

TABLE   3. — Curves    of   Respiratory    Quotient    ix    Norm.\l   Controls 


Basal 

Name 

C.L. 

0.78 

H.D. 

0.83 
0.81 

0.80 
0.88 
0.88 
0.90 
0.09 

W.V.G. 

0.75 

0.84 
0.88 
0.88 
0.84 
0.90 
0.15 

E.H. 

0.77 
0.80 
0.80 
0.90 
0.92 
0.90 
0.15 

B.S. 

0.78 
0.80 
0.84 
0.86 
0.88 
0.86 
0.10 

JVI.C. 

0.79 

0.82 
0.88 
0.89 
0.92 
0.93 
0.14 

M.C. 

0.83 
0.83 
0.86 
0.83 
0.92 
0.90 
0.09 

H.J. 

0.85 
0.83 
0.84 
0.88 
0.93 
0.89 
0.10 

R.Mc. 

0.83 
0.88 
0.84 
0.88 
0.93 
0.92 
0.10 

H.R.G. 

0.75 
0.79 
0.81 
0.86 
0.88 
0.87 
0.12 

age 
0.80 

0.82 

60  minutes. . . 

0.80 

90  minutes... 
120  minutes.. 
150  minutes.. 
Bange 

0.89 

0.87 

0.94 

0.16 

0.12 

TABLE  4.- 

—Curves 

OF  Respiratory  Q 

uotient   in 

C.\ses  of 

Hyperthyroidism 

Basal 

Name 

Aver- 
age 
0.76 

F.B. 

0.75 

0.84 

H.G. 

0.76 
0.79 
0.86 
0.91 
0.90 
0.92 
0.16 

r.K. 

0.76 
0.81 
0.90 
0.92 
0.94 
0.94 
0.18 

C.E. 
0.75 

0.84 
0.92 
1.00 
1.03 
1.05 
0.30 

L.M. 

0.75 
0.88 
0.98 
0.97 
0.96 
0.95 
0.23 

A.S. 

0.74 
0.83 
0.84 
0.88 
0.85 
0.89 
0.15 

M.D. 

0.79 
0.82 
0.97 
0.97 
0.98 
097 
0.19 

G.S. 

0.79 

0.79 
0.94 
l.OO 
0.98 
0.96 
0.21 

B.S. 
0.81 

0.88 
0.92 
0.97 
0.95 
0.96 
0.16 

E.R. 
0.72 

0.76 
0.83 
0.85 
0.92 

0.89 
0.20 

60  minutes. . . 

0.90 

90  minutes. . . 

0.91 

120  minutes.. 
150  minutes.. 
Range 

0.94 

'0.99 

0.24 

0.20 

The  respiratory  quotients  when  studied  in  phases  offered  the  most 
interesting  data  in  our  experiments.  The  basal  quotient  on  the  average 
in  the  cases  of  hyperthyroidism  was  slightly  lower  than  in  the  normal 
controls — 0.76  as  compared  to  0.80  (Tables  3  and  4).  In  the  cases  of 
exophthalmic  goiter  after  the  dose  of  glucose  had  been  given,  the 
quotients  rose  rapidly  to  a  high  figure,  in  one  case  going  as  high 
as  1.05,  whereas  in  the  normal  cases,  the  quotients  rose  more  slowly, 
and  did  not  reach  nearly  so  high  a  point.  The  high  level  of  the 
respiratory  quotient  was  maintained  for  a  longer  time  in  the  cases  of 
hyperthyroidism  than  in  the  normal  controls,  and  at  the  end  of  the  two 
and  one-half  hours  was  still  very  high.  The  average  range  from  the 
basal  to  the  peak  in  the  cases  of  hyperthyroidism  was  twenty  points, 


400  ARCHIVES     OF    IXTERXAL    MEDICINE 

while  that  in  the  normals  was  only  twelve,  the  greatest  being-  thirty  in 
the  one  and  sixteen  in  the  other.  This  proves  very  strikingly  that 
individuals  with  thyrotoxicosis  can  -burn  carbohydrate  readily,  in  fact, 
do  burn  it  with  a\idity,  and  along  with  the  fact  that  their  blood  sugar 
stays  high  suggests  very  probably  that  there  is  an  inability  for  storing 
carbohydrate  in  these  cases.  For  if  they  burn  it  more  rapidly  than 
do  normals,  and  in  spite  of  this  maintain  a  high  blood  sugar,  then 
obviously  they  cannot  be  storing  it.  There  is  good  experimental  evi- 
dence to  substantiate  this  view.' 

From  the  figures  of  the  respiratory  quotient  we  derived  our  calcula- 
tions for  the  utilization  of  carbohydrate.  Fifteen  per  cent,  was  deducted 
from  the  total  calories  per  hour  for  that  portion  of  the  heat  derived 
from  protein  metabolism.^  The  remaining  calories  were  assumed  as 
coming  from  carbohydrate  and  fat,  and  were  apportioned  to  each  of 
these  metabolites  according  to  the  percentage  tables  of  Zunst  and 
Schumburg  as  modified  by  Riche  and  Lusk.  The  respiratory  quotients 
were  used  directly  without  deductions  for  protein  metabolism  as  derived 
from  the  urinary  nitrogen,  that  is,  they  were  not  nonprotein  respiratory 
quotients.  For  practical  purposes  of  comparison  this  seemed  adequate, 
though  we  realized  that  nitrogen  studies  would  have  made  our  data 
somewhat  more  accurate.  The  difficulty  of  collecting  specimens  over 
short  periods,  however,  and  the  uncertainty  of  the  nitrogen  in  the  urine 
collected  representing  the  protein  utilized  during  the  period  of  the 
experiment,  due  to  the  nitrogen  lag,  decided  us  to  leave  urinary  studies 
out  of  our  work..    Tables  5  and  6  show  the  calculations  in  each  case. 

It  is  evident  that  in  the  normal  cases  following  the  dose  of  glucose, 
there  was  an  increase  in  the  number  of  grams  of  carbohydrate  utilized 
over  the  amount  utilized  at  basal.  This  increase,  however,  was  only  a 
small  proportion  of  the  quantity  ingested,  the  total  for  the  two  and 
one-half  hours  following  the  ingestion  of  the  dose  being. on  the  average 
18.1  per  cent,  of  the  amount  taken  (Table  7).  This,  plus  the  rapid 
rise  and  fall  in  the  blood  sugar,  makes  us  feel  that  in  these  cases  the 
greater  part  of  the  carbohydrate  is  stored. 

In  the  cases  of  hyperthyroidism,  on  the  other  hand,  an  average  of 
36.1  per  cent.  (Table  8)  of  the  amoimt  ingested  was  burned  over  the  . 
same  period  (two  and  one-half  hours)  and  at  the  eiid  of  this  period 
the  blood  sugar  was  still  greatly  elevated.  The  amount  of  carbohydrate 
accounted  for  by  this  increased  blood  sugar  is  very  small,  only  amount- 
ing to  a  few  grams,  but  when  we  realize  that  the  maintained  high 
concentration  of  sugar  in  the  blood  means  a  high  concentration  of  sugar 
in  the  tissues,  this  figure  is  more  significant. 
% 

3.  Cramer  and  Krause :    Proc.   Roy.   Soc.   Ser.   B.  86:50,   1913.     Kurivama : 
J.  Biol.  Chem.  33:193.   1918. 

4.  Voit.  E.:    Ztschr.  t.  Biol.  41:188.  1901. 
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TABLE  5. — Data  on  Ten  Normal  Controls  After  Glucose  Ingestion 


C.  L.,  cf.  2fi 
Ht.,  17H.9  Cm. 
Wt.,  65  Kg. 
Dose  of  glucose 
114  Gm. 

Basal 

Post  glucose: 

30  minutes 

60  minutes 

90  minutes 

120  minutes 

150  minutes 

H.  D.,  d,  26 
Ht.,  1'75.2  Cm.  • 
Wt.,  68  Kg. 
Dose  of  glucose 
120  Gm. 

Basal 

Post  glucose: 

30  minutes 

60  minutes 

90  minutes 

120  minutes 

150  minutes 

W.  V.  G.,  32 
Ht.,  185.6  Cm. 
Wt.,  71.9  Kg. 
Dose  of  glucose, 
126  Gm. 

Basal 

Post  glucose: 

30  minutes 

()0  minutes 

90  minutes 

120  minutes 

150  minutes 

E.  H.,  9.23 
Ht.,  171.1  Cm. 
Wt.,  52  Kg. 
Dose  of  glucose, 
91  Gm. 

Basal 

Post  glucose: 

30  minutes 

6<j  minutes.. .: . 

90  minutes 

120  minutes 

150  minutes 

B.  S.,  29 
Ht.,  169  Cm. 
Wt.,  51.6  Kg. 
Dose  of  glucose, 
90  Gm. 

Basal 

Post  glucose: 

30  minutes 

60  minutes 

90  minutes 

120  minutes 

1.50  minutes 

M.  C,  9,25 
Ht.,  154.4  Cm. 
Wt.,  51  Kg. 
Dose  of  glucose, 
89  Gm. 

Basal 

Post  glucose: 

30  minutes 

60  minutes 

90  minutes 

120  minutes 

150  minutes 


Res- 
pira 
tory 
Quo- 
tient 


0-.8 

0.82 
OSO 
0.i:9 
0  87 
0.94 


0.83 

0.81 
0  80 
0.S8 
0  88 
0.90 


0.75 

0  84 
0  J^S 
0  88 
0.84 
0.90 


0.77 

0.80 
0.80 
0.90 
0.92 
0.90 


0.78 

0.80 
0.84 
0.86 
0.88 
0.86 


0.79 

0.82 
0.88 
0.89 
0.92 
0.93 


Cji  lo- 
ries 
per 
Hr. 


Rise, 
Calo- 
ries 
per 
Hr. 


Calo 
ries 
per 
Sq. 
M. 
per 
Hr. 


65.5 

0 

73.8 
73.2 
70.7 
66.3 
18.9 

8.3 
7.7 
5.2 
0.8 
3.4 

67.1 

0 

74.6 
71.7 

0.75 
70.8 
77.3 

7.5 
4.6 
7.9 
12. V 
10.2 

77.3 

0 

84.7 
86.3 
89.7 
89.7 
82.5 

7.4 
9.0 
12.4 
12.4 
5.2 

55.1 

0 

.59.8 
60.8 
63.4 
65.4 
63.1 

4.7 
5.7 
8.3 
10.3 

8.0 

51.8 

0 

.56.9 
-59  0 
57.8 
60  4 
56.1 

5.1 
7.2 
6.0 
8.6 
4.3 

52.9 

0 

55.2 
53.6 
55.3 
53.7 
54.5 

2.3 
0.7 
2.4 
08 
1.6 

36.4 

41.0 
40.6 
39.3 
36.9 
38.3 


36.7 

40.8 
39.2 
41.0 
43.6 
42.2 


39.8 

43.7 
44.5 
46.2 
46.3 
42.5 


34.4 

37.4 
38.0 
39.6 
40.9 
39.5 


32.8 

36.0 
37.3 
.36.6 
38.2 
35.5 


36.0 

37.6 
36.5 
37.6 
36.5 
37.1 


Per 
Cent 

Rise 
Above 
Basal 


I  Calo- 
Per  1  ries 
Cent,  from 
Rise  Car- 
Above  boliyd 
Nor-  and 
ma]       Fat* 


11.4 
9.6 

13.7 
6.8 


55.7 

62.7 
62.2 
60.2 
56.4 
58.6 


57.4 

63.4 
60.9 
63.8 
67.8 
65.7 


72.0 
73.4 
76.2 
76.2 
70.1 


46.8 

50.8 
51.7 
53.9 
.55.6 
53.6 


44.0 

48.4 
.50.2 
49.1 
.51.3 
47.7 


45.0 

46.9 
45.6 
47.0 
45.6 
46.3 


Per 
Cent. 
Calo- 
ries 
from 
Car- 
bohyd 


25.2 

38.8 
.32.0 
62.6 
.55.8 
79.6 


42.2 

35.4 
:B2.0 
59.2 
.59.2 
66.0 


15.0 

45.6 
59.2 
..59.2 
45.6 
66.0 


21.8 

32.0 
.32.0 
66.0 
72.8 
66.0 


32.0 
4.5.6 
52.4 


28.6 

.38.8 
59.2 
62.6 
72.8 
76.2 


Calo- 
ries 
from 
Car- 
bohyd 


14.0 

24.3 
19.9 
37.7 
31.4 
46.6 


24.2 

22.4 
19.5 
37.8 
40.1. 
43.4 


9.9 

32.8 
43.4 
45.1 
34.7 
46.3 


10.2 

16.3 
16.6 
35.6 
40.5 
35.4 


11.1 

15.5 
22.9 
25.7 
30.4 
25.0 


12.9 

18.2 
27.0 
29.4 
33.2 
.35.3 


Gm. 

Carbo- 

hy( 

Irate 

Utilized 

In- 

Total 

crease 

3.4 

!>.9 

2.5 

4.9 

1.5 

9.2 

5.8 

7.7 

4.3 

11.4 

8.0 

59 

5.5 

-0.4 

4.8 

—1.1 

9.2 

3.3 

9.8 

3.9 

10.6 

4.7 

2.4 

8.0 

5.6 

10.6 

8.2 

11.0 

8.6 

85 

6.1 

11.3 

8.9 

2.5 

4.0 

1.5 

4.0 

15 

8.7 

6.2 

9.9 

7.4 

8.6 

6.1 

2.7 

3.8 

1.1 

5.6 

2  9 

6.3 

3.6 

7.4 

4.7 

6.1 

3.4 

3.1 

4.4 

1.3 

6.6 

3.5 

7.2 

4.1 

8.1 

5.0 

8.6 

.0.0 

Blood 

Sugar, 

Gm. 

per 

Liter 


0.89 


0  98t 
1.3 


0.95 


1.05 1 
108 


1.19 1 
0.93 


1.37 1 
1.51 


1.09 1 
1.35 


0.87 


1.1  t 
1.26 


*  15  per  cent,  deducted  from  calories  per  hour  for  calories  from   (nitrogen)  protein, 
t  Blooa  sugar  15  minutes  post  glucose. 
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TABLE   5. — Data   ox   Ten    Normal   Controls 
After  Glucose  Ingestion — {Continued) 


Calo- 


Calo-      Per 


Res-  Calo-  Rise,  ries  I  Per  '  Per  |  ries  Cent, 
pira-'  ries  'Calo-  per  I  Cent.  Cent,  from  '  Calo- 
tory     per     ries      Sq.  ,   Rise      Rise      Car-       ries 


Quo-    Hr. 
tient  1 


per 
Hr. 


M. 
per 
Hr. 


M.  C.  d,-2a 
Ht.,  171.6  Cm. 
Wt.,  53.5  Kg. 
Dose  of  glucose, 
95  Gm. 

Basal 

Post  glucose: 

.30  minutes 0.83 

60  minutes 0.86 

90  minutes 0.83 

120  minutes '•  0.92 

1.50  minutes '  0.90 


H.  J..  22 
Ht.,  170.9  Cm. 
Wt.,  63  Kg. 
Dose  of  glucose, 
110  Gm. 

Basal 

Post  glucose: 

30  minutes 

60  minutes 

90  minutes 

120  minutes 

1.50  minutes 


0.85 

0.83 

0.84 
0.88 
0.93 
0.89 


R.  Mc,  22 
Ht.,  181.5  Cm. 
Wt.,  78.5  Kg. 
Dose  of  glucose, 
137  Gm. 

Basal 0.83 

Post  glucose: 

30  minutes '■  0.88 

60  minutes 0.84 

90  minutes 0.89 

120  minutes 0.93 

150  minutes 0.92 


H.  R.  G..  d'.se 
Ht.,  172  Cm. 
Wt.,  70.7  Kg. 
Dose  of  glucose, 
lOO  Gm. 

Basal 

Post  glucose: 

30  minutes 

60  minutes 

90  minutes 

120  minutes 

150  minutes 


0.7.5 

0.79 
0.81 
0.86 
0.83 
0.87 


64.8 
64.4 
65.1 
65.5 
65.2 


72.7 
73.6 
71.7 
73.7 
71.5 


66.7 

74.3 
76.9 
78.2 
75.3 
77.9 


65.3 

69.3 
69.3 
73.6 
70.8 
72.8 


0  38.0 

2.8  39.7 

2.4  !  39.5 

3.1  ;  39.9 

3.5  i  40.2 

3.2  I  40.0 


5.8 
6.7 
4.8 
6.8 
4.6 


10.2 
11.5 


4.0 
4.0 

8.3 
5.5 


38.4 

41.8 
42.3 
41.2 
42.3 
41.1 


33.5 

37.3 
38.6 
39.9 
37.8 
39.1 


35.5 

37.7 
37.6 
40.0 
38.5 
39.5 


Calo- 
ries 
from 


Above  Above  bohyd.    from  !   Car-  In- 

Basal    Nor-  ;    and    i   Car-    bohyd.  Total  crease 
imal  I   Fat*  tbohyd.l  , 


Gm.  Carbo- 
hydrate     Blood 
Utilized      Sugar, 

Gm. 

per 
Liter 


8.6 1 


10 


52.7 

55.1 
54.7 
55.3 
55.7 
55.4 


56.9 

61.8 
62.6 
60.9 
62.6 
60.8 


56.7 

63.2 
65.4 
66.5 
64.0 
66.2 


55.5 

58.9 
58.9 
62.6 
60.2 
61.9 


42.2 

42.2 
52.4 
42.2 
72.8 
66.0 


49.0 

42.2 
45.6 
59.2 
76.2 
62.6 


42.2 

59.2 
45.6 
61.0 
76.2 
72.8 


15.0 

28.6 
35.4 
52.4 
42.2 
55.8 


22.2 

23.3 
28.7 
23.3 
40.6 
36.6 


27.8 

26.1 

28.6 
36.0 
47.7 
38.1 


23.9 

37.4 
29.8 
40.5 
48.7 
48.2 


8.3 


5.7 
7.0 
5.7 
9.9 


6.77 


6.37 
6.97 


11.6 
9.3 


5.8 

9.1 

7.3 

9.9 

11.9 

11.8 


2.0 


4.1 
5.1 


16.8 
20.8 
32.8  I  8.0 
25.4  I  6.2 
34.6        8.4 


0.3 
1.6 
0.3 
4.5 
3.5 


—0.4 
0.2 
2.03 
4.8 
2.5 


3.3 
1.5 
4.1 
6.1 
6.0 


2.1 
3.1 
6.0 
4.2 
6.4 


1.24 1 
1.54 


1.1 


1.2  t 
1.67 


0.92 


1.03 1 
1.4 


Lost 


0.76 1 
0.78 


*  15  per  cent,  deducted  from  calories  per  hour  lor  calories  from  (nitrogen)  protein. 
t  Blood  sugar  15  minutes  post  glucose. 


The  explanation  seems  obvious.  In  cases  of  hyperthyroidism  there 
is  a  deficiency  in  the  ability  to  store  carbohydrate.  This  makes  for 
a  carbohydrate  plethora  and  the  carbohydrate  plethora  stimulates 
carbohydrate  metabolism.  This  inability  to  store  carbohydrate  appears 
to  be  the  only  logical  explanation  of  the  carbohydrate  plethora,  as  it 
cannot  be  due  to  the  inability  of  the  tissues  to  utilize  it  in  this  condition. 
Besides,  this  explanation  fits  in  with  the  experimental  evidence,  as 
Cramer  and  his  collaborators  and  Kurivama  have  shown  that  thvroid 


TABLE  6. — Data  on  Ten  Cases  of  Hyperthyroidism  in  Which 
Glucose  Was  Administered 


Calo- 

Calo- 

Per 

Gm.  Carbo- 

Res- 

Calo- 

Rise, 

ries 

Per 

Per 

ries 

Cent. 

Calo- 

hydrate 

Blood 

pira- 

ries 

Calo- 

per 

Cent. 

Cent. 

from 

Calo- 

ries 

Utilized 

Sugar, 

tory 
Quo- 

per 
Hr. 

ries 
per 

Sq. 
M. 

Rise 
Above 

Rise 
Above 

Car- 
bohyd. 

ries 
from 

from 
Car- 

Gm. 
per 

In- 

tient 

Hr. 

per 
Hr. 

Basal 

Nor- 
mal 

and 
Fat* 

Car- 
bohyd. 

bohyd. 

Total  crease 

Liter 

F.  B..  32 

Ht.,  174  Cm. 

Wt.,  53.8  Kg. 

Dose  of  glucose, 

94.1  Gin. 

Basal 

0.75 

95.0 

0 

58.0 

0 

0 

80.8 

15.0 

12.1 

3.0 

0.91 

Post  glucose: 

30  minutes 

0.84 

104.3 

9.3 

63.6 

9 

14 

88.6 

45.6 

40.5 

9.9 

6.9 

1.3  t 

60  minutes 

0.90 

104.3 

9.3 

63.6 

9 

14 

88.6 

66.0 

58.5 

14.2 

11.2 

2.1 

90  minutes 

0.91 

106.2 

11.2 

64.7 

11 

18 

90.3 

69.4 

62.5 

15.2 

12.2 

120  minutes 

0.94 

105.3 

10.3 

64.2 

10 

17 

89.5 

79.6 

71.4 

17.4 

14.4 

1.85 

150  minutes 

0.99 

103.2 

8.2 

62.9 

8 

13 

87.7 

96.6 

84.9 

20.6 

17.6 

H.  G..  22 

He,  160.5  Cm. 

Wt.,  47.8  Kg. 

Dose  of  glucose, 

84  Gm. 

Basal 

0.76 

85.9 

0 

58.0 

0 

0 

73.0 

18.4 

13.4 

3.3 

0.95 

Post  glucose: 

30  minutes 

0.79 

93.4 

7.5 

63.1 

9 

13 

79.4 

28.6 

22.7 

5.5 

2.2 

1.25 1 

60  minutes 

0.86 

89.6 

3.7 

60.5 

4 

6 

76.2 

52.4 

39.9 

9.7 

6.4 

2.3 

90  minutes 

0.91 

89.7 

3.8 

60.6 

4 

6 

76.3 

69.4 

53.0 

12.9 

9.6 

120  minutes 

0.90 

90.1 

4.2 

60.9 

5 

7 

76.6 

66.0 

50.6 

12.3 

9.0 

2.3 

150  minutes 

0.92 

90.1 

4.2 

60.9 

5 

7 

76.6 

72.8 

55.8 

13.6 

10.3 

F.  K.,  24 

Ht.,  145  Cm. 

Wt.,  37  Kg. 

Dose  of  glucose, 

65  Gm. 

Basal 

0.76 

68.7 

0 

56.0 

0 

0 

58.4 

18.4 

10.7 

2.6 

1.02 

Post  glucose: 

30  minutes 

0.81 

67.5 

—1.2 

.54.9 

— 2 

—3 

57.4 

35.4 

20.6 

5.0 

2.4 

1.54 1 

60  minutes 

0.90 

71J 

2.4 

57.8 

3 

5 

60.4 

66.0 

39.9 

9.7 

7.1 

2.32 

90  minutes 

0.92 

64.9 

—3.8 

52.8 

—6 

—9 

55.1 

72.8 

40.1 

9.8 

7.2 

120  minutes 

0.94 

67.3 

—1.4 

54.7 

— 2 

—3 

57.2 

79.6 

45.5 

11.1 

8.5 

2.0 

150  minutes 

0.94 

59.2 

—9.5 

48.1 

—14 

—21 

50.3 

79.6 

40.0 

9.8 

7.2 

C.  E.,  30 

Ht.,169Cm. 

Wt.,  52.5  Kg. 

Dose  of  glucose, 

92  Gm. 

Basal 

0.75 

80.2 

0 

50.5 

0 

0 

68.2 

15.0 

10.2 

2.5 

1.03 

Post  glucose: 

30  minutes 

0.84 

89.3 

9.1 

56.1 

11 

15 

75.9 

45.6 

34.6 

8.4 

5.9 

1.4  t 

60  minutes 

0.925 

80.5 

0.3 

50.6 

0 

0 

68.4 

74.0 

50.6 

12.3 

98 

2.04 

90  minutes 

1.00 

87.9 

7.7 

55.3 

9 

13 

74.7 

lOO.O 

74.7 

18.2 

15.7 

120  minutes 

1.03 

91.2 

11.0 

57.4 

14 

19 

77.5 

100.0 

77.5 

18.9 

16.4 

1.5 

1.30  minutes 

1.05 

87.5 

7.3 

55.1 

9 

12 

74.5 

100.0 

74.5 

18.2 

15.7 

L.  M..  9.44 

Ht.,  153  Cm. 

Wt.,  46.6  Kg. 

Dose  of  glucose. 

82  Gm. 

Basal 

0.75 

78.7 

0 

55.8 

•  0 

0 

66.9 

15.0 

10.0 

2.4 

0.93 

Post  glucose: 

30  minutes 

0.88 

90.3 

11.6 

64.0 

15 

23 

76.8 

59.2 

4.5.5 

11.1 

8.7 

1.37t 

60  minutes 

0.98 

89.4 

10.7 

63.4 

14 

21 

76.0 

93.2 

70.8 

17.3 

14.9 

1.8 

90  minutes 

0.97 

86.2 

7.5 

61.1 

10 

15 

73.3 

89.8 

65.8 

16.0 

13.6 

120  minutes 

0.96 

82.2 

3.5 

58.3 

4 

7 

69.9 

86.4 

60.4 

14.7 

12.3 

1.3 

150  minutes 

0.95 

79.5 

0.8 

56.4 

1 

2 

67.6 

83.0 

56.1 

13.7 

11.3 

A.  S.,  9.43 

Ht.,  169.5  Cm. 

Wt.,  41  Kg. 

Dose  of  glucose, 

72  Gm. 

Basal 

0.74 

86.9 

0 

60.8 

0 

0 

73.9 

11.6 

8.6 

2.1 

1.13 

Post  glucose: 

30  minutes 

0.83 

95.0 

8.1 

66.5 

9 

16 

80.8 

42.2 

34.1 

8.3 

6.2 

2.0  t 

60  minutes 

0.84 

91.7 

4.8 

64.1 

5 

9 

78.0 

45.6 

35.6 

8.7 

6.6 

2.32 

90  minutes 

0.88 

90.1 

3.2 

63.0 

4 

6 

76.6 

59.2 

45.3 

11.0 

8.9 

120  minutes 

0.85 

87.6 

0.7 

61.8 

1 

1 

74.5 

49.0 

36.5 

8.9 

6.8 

1.07 

150  minutes 

0.89 

84.7 

—2.2 

59.2 

—2 

—4 

72.0 

62.6 

45.1 

11.0 

8.9 

♦  15  per  cent,  deducted  from  calories  per  hour  for  calories  from  (nitrogen)  protein, 
t  Blood  sugar  15  minutes  post  glucose. 
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TABLE  6. — Data  ox  Tex  Cases  of  Hyperthyroidism  ix  Which 
Glucose  Was  Administered — {Continued) 


M.  D.,30 
Ht.,  164.5  Cm. 
Wt.,  57.3  Kg. 
Dose  of  glucose, 
100  Gm. 

Basal 

Post  glucose: 

30  minutes 

60  minutes 

90  minutes 

120  minutes 

1-50  minutes 

G.  S..  9,26 
Ht.,  157.5  Cm. 
Wt.,  49.8  Kg. 
Dose  of  glucose, 
88  Gm. 

Basal 

Post  glucose: 

.30  minutes 

60  minutes 

90  minutes 

120  minutes 

150  minutes 

B.  S.,  25 
Ht.,  157.7  Cm. 
Wt.,  48.9  Kg. 
Dose  of  glucose, 
8<iGm. 

Basal 

Post  glucose: 

.30  minutes 

60  minutes 

90  minutes 

120  minutes 

150  minutes 

E.  R.,  36 
Ht.,  168  Cm. 
Wt.,  62.1  Kg. 
Dose  of  glucose, 
100  Gm. 

Basal 

Post  glucose: 

30  minutes 

60  minutes 

90  minutes 

120  minutes 

150  minutes 


Bes- 

Calo- 

Eise, 

pira-;  ries 

Calo- 

tory 

per 

ries 

Quo- 
tient 

Hr. 

per 
Hr. 

0.79 

87.1 

0 

0.82 

89.8 

2.7 

0.97 

93.8 

6.7 

0.97     91.9 

4.8 

0.98 

91.4 

4.3 

0.97 

89.0 

1.9 

0.79 

76.7 

0 

0.79 

86.6 

9.9 

0.94 

84.2 

7.5 

1.00 

88.4 

6.7 

0.98 

79.3 

2.6 

0.96 

80.9 

4.2 

0.81 

68.1 

0 

0.88 

71.9 

3.8 

0.92 

70.1 

2.0  1 

0.97 

68.8 

0.7 

0.95 

67.7 

—0.4 

0.96 

63.5 

—4.6 

0.72 

99.5 

0 

0.76 

104.0 

4.5 

0.835  100.4 

0.9 

0.85    116.5 

17.0 

0.92     96.5 

—3.0 

0.89 

100.6 

1.1 

Calo- 

Calo- 

Per 

Gm.  Carbo- 

ries 

Per 

Per 

ries 

Cent. 

Calo- 

hydrate 

Blood 

per 

Cent. 

Cent. 

from 

Calo- 

ries 

Utilized 

Sugar, 

Sq. 

Rise 

Rise 

Car- 

ries 

froHi 

. 

Gm. 

M. 

Above 

Above  bohyd. 

from 

Car- 

In- 

per 

per 

Basal 

Nor- 

and 

Car- 

bohyd. 

Total 

crease 

Liter 

Hr. 

mal 

Fat* 

bohyd. 

53.8 

0 

0 

74.1 

28.6 

21.1 

5.1 

0.91 

55.4 

3 

4 

76.3 

38.8 

29.6 

7.2 

2.1 

1.5  t 

57.9 

7.6 

11 

79.7 

89.8 

71.5 

18.3 

13.2 

1.9 

56.7 

o 

8 

78.1 

89.8 

70.3 

17.1 

12.0 

56.4 

0 

7 

77.7 

93.2 

72.5 

17.7 

12.6 

1.66 

54.9 

2 

3 

75.6 

89.8 

67.8 

16.5 

11.4 

52.2 

0 

0 

65.2 

28.6 

18.6 

4.5 

1.0 

58.9 

13 

18 

73.6 

2&6 

21.1 

5.1 

0.6 

1.4  t 

57.3 

10 

14 

71.6 

79.6 

57.0 

13.9 

9.4 

1.8 

56.8 

9 

12 

70.9 

100.0 

70.9 

17.3 

12.8 

53.9 

3 

5 

67.4 

93.2 

62.8 

15.3 

10.8 

1.04 

55.0 

o 

8 

68.8 

86.4 

59.4 

14.5 

10.0 

46.5 

0 

0 

57.9 

35.4 

20.5 

5.0 

1.12 

48.9 

5 

6 

61.1 

59.2 

36.2 

8.8 

3.8 

1.74 1 

47.7 

3 

3 

59.6 

72.8 

43.4 

10.6 

5.6 

2.1 

46.8 

1 

1 

58.5 

89.8 

52.5 

12.8 

7.8 

46.0 

—1 

—1 

57.5 

83.0 

47.7 

11.6 

6.6 

1.4 

43.2 

— 1 

—9 

54.0 

86.4 

-16.7 

11.4 

6.4 

57.9 

0 

0 

84.6 

4.8 

4.1 

1.0 

0.94 

60.5 

4 

7 

88.4 

18.4 

16.3 

4.0 

3.0 

1.3  t 

58.4 

1 

1 

85.4 

43.9 

37.5 

9.2 

8.2 

1.5 

67.7 

17 

25 

99.0 

49.0 

48.5 

11.8 

10.8 

56.1 

—3 

— 0 

82.0 

72.8 

59.6 

14.5 

13.5 

1.07 

58.5 

1 

2 

85.5 

62.6 

53.5 

13.0 

12.0 

*  15  per  cent,  deducted  from  calories  per  hour  for  calories  from  (nitrogen)  protein. 
t  Blood  sugar  15  minutes  post  glucose. 


TABLE  7. — Grams   of   Carbohydrate  L'tilized  by   Normal   Coxtrols 


Name 

, ^ '■ ,   Aver- 

C.L.      H.D.  W.V.G.   E.H.      B.S.      M.C.     il.C.      H..J.     R.Me.  H.R.G.    age 
Total   gm.    carbo- 
hydrate   utilized 

in  21^  hours 19.5        19.9        24.6        17.6        14.6        17.4        18.5        21.4        25.0        15.9        19.4 

Dose    of     glucose, 

gm 114         120         126  91  90  S9  95         110         137         100 

Percentage  of  dose 
utilized 17.1        16.6        19.5        19.3        16.2        19.6        19.5        19.5        18.3        1-5.9        18.1 
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fed  rats  on  high  carbohydrate  diets  had  neghgible  amounts  of  glycogen 
stored  in  their  Uvers,  while  control  animals  on  the  same  diet  showed 
large  amounts.  There  is  also  some  clinical  evidence  that  points  to  the 
lack  of  glycogen  reserve  in  hyperthyroidism.  It  has  been  observed  that 
subjects  with  exophthalmic  goiter  can  be  sent  into  acidosis  very  easily 
by  brief  periods  of  fasting.  A  \-ery  striking  example  of  this  was 
seen."  The  patient  entered  the  Iiospital  for  the  treatment  of  hyper- 
thyroidism. As  she  had  a  glycosuria  on  general  diet  she  was  put  on 
the  "standard  strict  diet"  (approximately  10  gni.  carbohydrate;  100  gm. 
protein;  100  gm.  fat)  in  an  attempt  to  clear  up  the  glycosuria.  She 
gradually  went  into  acidosis.  This  was  soon  cleared  up  under  carbo- 
hydrate feeding.  The  carbohydrate  in  the  diet  was  then  rapidly 
increased  until  190  gm.  were  given  per  day  without  appreciable 
quantitative  change  in  the  glycosuria.  A  subsequent  diet  with  restricted 
carbohydrate  promptly  brought  on  an  acidosis  with  impending  coma, 
which  was  quickly  cleared  up  by  carbohydrate  feeding.  This  suggests 
tliat  the  patient  had  a  very  small  glycogen  reserve. 

TABLE   8. — Grams   of   Carbohydrate   Utilized   by    Subjects 
WITH  Hyperthyroidism 


Name 


Total  gm.  carbo- 
hydrate utilized 
in  21/2  hours 38.6 

Dose  of  ghicose, 
gm 

Percentage  of  dose 
utilized 41.1 


F.B. 

H.G. 

r.K. 

C.E. 

L.M. 

A.S. 

M.D. 

G.S. 

B.S. 

E.R. 

Aver 
age 

38.6 

27.0 

22.7 

38.0 

36.3 

23.9 

38.3 

33.0 

27.6 

26.2 

31.2 

94 

84 

65 

92 

82 

72 

100 

88 

86 

100 

41.1 

32.2 

34.9 

41.3 

44.3 

33.2 

38.3 

37.5 

32.1 

26.2 

36.1 

SUMMARY 

Ten  normal  persons  and  ten  subjects  with  exophthalmic  goiter  have 
been  studied  under  identical  conditions.  The  blood  sugar  curves  in  the 
control  cases  were  entirely  normal,  while  those  in  the  cases  of  hyper- 
thyroidism, for  the  most  part,  showed  the  usual  variation,  i.  e.,  an 
abnormally  high  peak  maintained  over  a  prolonged  period.  The 
respiratory  quotients  in  the  normal  cases  revealed  normal  carbohydrate 
storage  and  response  while  those  in  the  cases  of  hyperthyroidism 
showed  a  greater  and  more  rapid  rise,  which  made  for  a  striking 
increase  in  the  carbohydrate  utilization. 

CONCLUSIONS 

1.  The  abnormal  blood  sugar  curves  reported  heretofore  in  cases 
of  hyperthyroidism  were  found,  for  the  most  part,  in  our  cases.  Normal 
curves  in  strikingly  toxic  cases,  however,  were  not  unusual. 


5.  Presbyterian    Hospital    Surgical    Service,    History   30699. 
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2.  It  has  been  shown  that  in  hyperthyroidism,  sugar,  when  it  is 
offered  to  the  tissues  as  a  fuel,  is  burned  with  great  avidity.  The 
increased  utihzation  of  carbohydrate  after  carbohydrate  ingestion,  along 
with  the  maintained  high  blood  sugar,  points  toward  an  inability  to 
store  glucose — most  probably  a  failure  of  liver  storage,  due  to  some 
toxic  change  in  the  liver  caused  by  the  disease.  This  fits  in  with  the 
results  found  in  thyroid  fed  animals,  and  is  suggested  by  clinical  cases 
of  exophthalmic  goiter  in  which  carbohydrate  restriction  is  attempted. 
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THE  PRINCIPLES  OF  THERAPEUTICS.  By  Oliver  T.  Osborne,  M.A., 
M.D.,  Professor  of  Therapeutics,  Department  of  Medicine,  Yale  University. 
Pp.  881.     Philadelphia  and  London:  W.  B.  Saunders  Company,  1921 

It  is.  perhaps,  somewhat  of  a  surprise,  certainly  a  pleasure,  to  open  a  text- 
book, entitled  "The  Principles  of  Therapeutics,"  and  discover  that  only  about 
two  thirds  of  the  text  is  devoted  to  drug  therapy,  while  the  remainder  presents 
a  consideration  of  therapeutic  measures  which  are  not  dependent  essentially 
on  the  administration  of  drugs  The  book  is  intended  to  give  the  advanced 
student  the  data  which  he  must  necessarily  know  in  order  to  understand  the 
objects  of  scientific  treatment  of  disease,  but  the  plan  is  admittedly  compre- 
hensive and  it  is  only  by  condensation  and  concentration  that  it  is  possible  to 
include  such  a  wide  field  in  a  textbook  of  835  pages. 

An  attempt  has  been  made  to  present  the  subject  in  as  practical  a  manner 
as  possible.  The  book  is  divided  into  fifteen  parts,  with  several  sections. 
Part  I  considers  the  art  of  writing  prescriptions.  Part  II  is  devoted  to  a 
description  of  the  valuable  drugs  and  preparations  of  the  United  States  Phar- 
macopeia with  comments.  Part  III  considers  useful  drugs  classified  according 
to  their  therapeutic  action.  Part  IV  is  devoted  to  endocrine  glands  and  organo- 
therapy. Part  V  to  practical  therapeutic  measures.  Part  VI  to  the  use  of 
vaccines  and  serums.  Part  VII  to  foods  and  diets.  Part  VIII  to  general 
physical  measures.  Part  IX  to  chronic  drug  poisoning.  Part  X  to  industrial 
poisoning.  Part  XI  to  the  treatment  of  emergencies.  Part  XII  to  the  treat- 
ment of  simple  disturbances  of  the  surface  of  the  body.  Part  XIII  to  prac- 
tical advice  to  young  physicians.  Part  XIV  to  medical  laws  and  departments 
of  health,  and  Part  XV  to  medical  ethics. 

The  object  is  a  worthy  one  but  the  value  of  the  book  obviously  depends 
upon  the  intelligent  selection  of  subjects  for  discussion  and  on  the  skill  with 
which  the  relative  value  of  different  therapeutic  measures  is  emphasized. 

Part  III,  dealing  w-ith  drug  therapy,  is  arranged  in  somewhat  the  same  man- 
ner as  the  therapeutic  index  of  the  valuable  little  vokmie  called  "Useful  Drugs," 
published  by  the  American  Medical  .Association,  which  has  its  practical  advan- 
tages particularly  when  one  may  go  to  a  standard  textbook  on  pharmacology 
for  descriptions  of  drugs  that  are  classified  in  the  more  usual  manner.  In 
reviewing  this  section,  however,  one  cannot  help  but  feel  that  the  280  pages 
devoted  to  it  might  have  been  enlarged  with  some  value  and  at  the  expense 
of  Part  IV  in  which  112  pages  are  devoted  to  endocrine  glands  and  organo- 
therapy. Particularly  the  latter  part  of  this  section,  which  presents  a  descrip- 
tion of  the  physiologic  action  of  the  prostate,  thymus,  pineal  gland,  the  pan- 
creas, spleen,  liver,  kidneys,  parotid  gland.  I)rain.  lymph  nodes  and  bone 
marrow,  might  well  have  been  omitted.  The  attempt  which  is  made  to  describe 
the  important  features  of  modern  therapy  which  come  within  the  scope  of  the 
other  parts  of  this  book,  is  praiseworthy,  but  the  field  is  so  wide  and  the  dis- 
cussions on  such  important  therapeutic  measures  as  foods  and  diets  and  of 
physical  methods ^has  necessarily  to  be  made  so  short  that  they  scarcely  attain 
their  object  and  it  is  dubious  whether  anyone  who  goes  to  this  section  for 
information  as  regards  the  use  of  these  measures  can  find  more  than  a  gen- 
eral statement  as  to  their  relative  value  and  importance.  Indeed  he  would 
usually  have  to  seek  further  to  find  directions  for  putting  them  into  effect. 
Though,  therefore,  at  first  sight  the  titles  of  these  parts  indicate  a  text  of 
considerable  practical  value,  one  finds  on  careful  reading  that  the  information 
is  only  of  a  general  nature  and  the  concise  directions  which  are  necessary  to 
employ  many  methods  that  are  undoubtedly  of  considerable  practical  impor- 
tance, are  omitted. 
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This  book  can  be  employed,  therefore,  to  good  advantage  for  obtaining  spe- 
cific information  concerning  the  action  and  use  of  a  limited  number  of  drugs 
and  for  general  information  concerning  the  relative  value  of  various  other 
therapeutic  measures  in  the  treatment  of  disease. 

PROTEIN  THERAPY  AXD  XONSPECIFIC  RESISTANCE.  By  William 
F.  Petersen,  M.D.,  Associate  in  Pathology,  University  of  Illinois,  College 
of  Medicine,  Chicago.  With  an  introduction  by  Joseph  L.  Miller,  M.D., 
Professor  of  Medicine,  Rush  Medical  College,  University  of  Chicago,  Chi- 
cago.    Pp.  314.     New  York  :   The  Macmillan  Company,   1922 

When  one  reads  a  book  such  as  this,  he  is  impressed  with  the  great  desira- 
bility of  arranging  some  method  of  printing  comparatively  inexpensive  paper 
bound  monographs  on  subjects  which  are  too  new  to  be  incorporated  in  a 
textbook  and  systems  of  medicine,  and  yet  which  through  publication  in  medical 
journals  are  attracting  general  interest.  A  book  of  any  size  devoted  to  such 
topics,  no  matter  how  carefully  prepared,  rapidly  becomes  out  of  date  and  must 
be  followed  by  a  second  edition  or  a  second  book  which  presents  the  subject 
in  a  more  advanced  stage  of  its  development.  The  value  of  such  monographs, 
therefore,  is  temporary  and  it  should  be  possible  to  publish  them  as  such  in  a 
readily  accessible,  inexpensive  form. 

Dr.  Petersen,  in  this  book,  covers  the  existing  knowledge  concerning  protein 
therapy  and  nonspecific  resistance  in  a  thorough  and  comprehensive  manner,  and 
one  can  find  in  this  volume  of  314  pages,  reference  to  practically  all  the  work  which 
up  to  the  present  time  has  been  done  on  this  subject  or  has  been  published  in 
closely  allied  fields.  It  is  only  necessary  to  state  that  the  bibliography  covers 
about  fifty  pages  in  order  to  give  one  an  idea  of  the  thoroughness  with  which 
the  subject  is  reviewed  As  is  quite  natural  with  one  who  has  produced  so 
much  in  this  particular  field,  one  finds  an  indication  throughout  the  book  of 
the  author's  interest  in  the  subject  and  his  enthusiasm  for  the  practical 
importance  of  this  method  of  treatment,  and  in  Chapters  V  and  VI  in 
which  he  discusses  "theories  concerning  the  mechanism  of  the  reaction"  and 
"the  probable  mechanism  of  the  reaction,"  he  devotes  considerable  space  to 
the  development  of  hypotheses  and  theories  for  which  he  himself  is,  in  part, 
responsible. 

In  places,  one  is  inclined  to  take  exception  to  a  somewhat  uncritical  presen- 
tation of  the  literature  on  this  general  subject  and  at  times  the  rather  unfortu- 
nate impression  is  produced  that  the  author  accepts  in  equally  good  faith  the 
results  of  investigations  made  by  men  whose  work  has  and  has  not  been  gen- 
erally confirmed.  Undoubtedly,  however,  this  book  should  attract  a  well 
deserved  attention,  for  it  presents  in  very  complete  form  a  subject  about  which 
it  is  difficult,  without  consulting  a  very  large  bibliography,  to  obtain  any 
accurate  information,  and  at  the  same  time  ofifers  in  very  interesting  form  the 
author's  own  views  as  regards  the  theoretic  action  of  nonspecific  protein 
therapy  and  resistance. 
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The  literature  on  the  reflex  control  of  the  cardia  and  lower  esophagus 
is  rather  meager,  in  view  of  the  importance  of  this  question  in  connec- 
tion with  spasms  of  the  cardia  and  esophagus  in  man.  Most  of  the 
work  has  been  done  in  connection  with  the  deglutition  and  vomiting  acts. 

It  was  reported  in  a  previous  communication  that  the  cardia  and 
the  lower  end  of  the  esophagus  are  provided  with  motor  and  inhibitory 
efferents  both  via  the  vagi  and  the  splanchnic  nerves.^  We  now  know 
that  in  the  swallowing  act  the  vagi  efferents  are  controlled  by  afferent 
impulses  both  from  the  pharynx  (primary  peristalsis)  and  the  wall  of 
the  esophagus  (secondary  peristalsis).-  Furthermore,  the  cardia  and 
the  part  of  the  esophagus  made  up  of  smooth  musculature  and  Auer- 
bach's  nervous  plexus  are  capable  of  local  coordination,  that  is,  local 
automatism  or  reflex  action,  independent  of  afferent  and  efferent  con- 
nections with  the  central  nervous  system.'^  There  has  been  no  important 
contribution  to  the  analysis  of  this  phase  of  the  swallowing  act  since 
the  review  of  the  subject  by  Cannon  in  1911.  But  Alvarez  ■*  has  recently 
attempted  to  explain  most,  if  not  all,  the  motor  phenomena  of  the 
intestine  on  the  basis  of  a  purely  muscular  gradient  of  rhythmicity, 
denying  local  reflexes  in  the  intestine  itself,  and  minimizing  the  impor- 
tance of  the  extrinsic  nerves  in  the  control  of  the  intestine.  The  role 
of  the  splanchnic  efferents  in  deglutition,  however,  has  not  been  studied. 


*  From   the   Hull    Physiological    Laboratory   of   the   University    of    Chicago. 
L  Carlson:    Am.  J.   Phvsiol.  60:14,   1922.     Carlson  and   Luckhardt :    Am.  J. 
Physiol.  57:299,   1921. 

2.  Meltzer:    Am.  J.  Physiol.  2:266,   1899;  Zentralbl.   f.  Physiol.   19:    1905. 

3.  Cannon:     Am.    J.    Physiol.    19:436,    1907.      The    Mechanical    Factors    of 
Digestion,   New   York,    1911. 

4.  Alvarez :    The  Mechanics  of  the  Digestive  Tract,   New  York,   1922. 
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The  reflex  relation  of  the  glossopharyngeal  afferents  to  the  esoph- 
agus is  complex.  Kronecker  and  Meltzer  "  report  that  section  of  this 
nerve  in  animals  leads  to  hypertonus  of  the  esophagus  lasting  as  long 
as  twentv-four  hours,  while  stimulation  of  the  central  end  of  the  nerve 
may  inhibit,  instead  of  initiate,  the  swallowing  act.  Kitajew  ^  found 
that  weak  stimulation  of  the  glossopharyngeal  nerve  inhibited  degluti- 
tion, while  strong  stimulation  had  the  opposite  eftect.  Valenti,'  working 
on  dogs  without  anesthesia,  reports  that  cocainizing  {  from  6  to  50  per 
cent.)  the  pharynx  alone,  or  the  esophagus  down  to  the  cardia,  leads  to 
such  strong  and  prolonged  spasm  of  the  cardia  that  strong  efforts  at 
vomiting  induced  by  apomorphin  cannot  force  food  into  the  esophagus. 
Cocainizing  the  vagi  trunks  in  the  neck  also  prevents  expulsion  of  food 
by  vomiting.  Stimulation  of  the  glossopharyngeal  nerve,  on  the  other 
hand,  may  induce  dilation  of  the  cardia  and  vomiting,  with  expulsion 
of  the  food  from  the  stomach.  Kronecker  and  Meltzer  *  found,  in  man, 
that  carbonated  water  in  the  stomach  induces  strong  and  prolonged 
spasm  of  the  cardia  that  cannot  be  inhibited  by  deglutition.  This  car- 
diospasm is  felt  as  a  painful  cramp.  V.  ^likulicz  ^  reported  (man) 
that  mechanical  or  chemical  irritation  of  the  mucosa  in  the  region  of  the 
cardia  likewise  induces  hypertonus  of  the  cardia.  Carbonated  water 
and  cold  water  in  the  esophagus  also  tend  to  cause  hypertonus  of  the 
cardia.  Cannon,^  w^orking  on  cats,  and  using  both  the  roentgen  ray 
and  the  Langley  method  for  observing  the  tonus  of  the  cardia,  reports 
that  acid  on  the  stomach  side  increases  the  tonus  of  the  cardia  and  thus 
prevents  regurgitation  of  food  into  the  esophagus  during  gastric  diges- 
tion contractions.  This  influence  of  gastric  acidity  on  the  cardia 
obtains  after  section  of  the  vagi  and  the  splanchnic  nerves.  Cannon 
therefore  regards  it  primarily  as  a  local  reflex. 

Palugyay  ^"  reports  (man)  that  barium-milk  passes  more  slowly 
through  the  cardia  when  the  stomach  is  already  partly  tilled  with  the 
mass.  This  may  indicate  that  the  tonus  of  the  cardia  is  increased 
reflexly  by  tension  in  the  walls  of  the  stomach. 

Openchowski  "  reports  reflex  dilatation  of  the  cardia  by  stimulation 
of  the  kidneys,  the  uterus,  the  urinary  bladder  and  the  sciatic  nerve. 
He  also  obtained  dilatation  of  the  cardia  on  stimulation  of  the  motor 
area  of  the  cerebral  cortex. 


5.  Kronecker    and    Aleltzer :     Monatschr.    d.    Preuss.    Akad.    d.    Wissensch., 
1881,  p.  100. 

6.  Kitajew :      (Thesis,    Russian)    quoted    from    Tahresli.    u.    d.    Fortschr.    d. 
Physiol.,  1908,  p.   151. 

7.  Valenti:    Zentralbl.   f.   Phvsiol.   20:449.    1906;   Arch.   f.   Exper.   Pathol,   u. 
Pharmakol.  63:118,   1910. 

8.  Kronecker  and   Meltzer :    Arch.   f.   Phvsiol.   1883.   Suppl.  B,  p.  355. 

9.  Von  Mikulicz:    Mitt.  a.  d.  Grenzgeb.'d.  Med.  u.  Chir.  12:569.   1903. 

10.  Palugyay:    Arch.   f.  d.  ges.  Phvsiol.  187:233,  1921. 

11.  Openchowski:    Zentralbl.   f.   Phvsiol.  3:1,    1889:   Arch.   f.   Phvsiol.,    1889. 
p.  349. 
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Since  the  tonus  of  the  cardia  appears  to  be  closely  correlated  lo  that 
of  the  stomach,  we  must  take  into  account  the  reflex  control  of  the 
latter  organ  in  connection  with  the  cardia.  W'ertheimer  ^-  found  that 
sciatic  stimulation  caused  inhibition  of  the  stomach.  This  reflex  was 
decreased  by  section  of  the  vagi,  but  not  entirely  abolished  by  subse- 
([uent  section  of  both  the  splanchnic  nerves.  Alorat  ^'  obtained 
inhibition  of  the  stomach  on  stimulation  of  the  central  end  of  one  vagus, 
provided  the  other  vagus  remained  intact.  Auer.^'  working  on  rabbits, 
describes  reflex  gastric  inhibition  from  chemical  and  mechanical  irrita- 
tion of  the  nasojiiharynx,  and  by  irritation  of  the  splanchnic  afterents. 
Auer  concluded  that  the  vagi  constitute  the  princij^al  eft'crent  path  in  this 
reflex.  Barber  and  Stewart  ^^'  have  recently  reported  contraction  of  the 
stomach  (dog)  from  stimulation  of  the  appendix,  the  gallbladder,  and 
the  duodenum. 

As  regards  the  tonus  and  contractions  of  the  empty  stomach  (man, 
dog,  not  under  anesthesia),  we  showed  nine  years  ago  that  these  are 
inhibited  by  chemical  and  mechanical  stimulations  of  the  nerve  endings 
in  the  mouth  as  well  as  in  the  gastric  mucosa.^"  We  were  not  able  by 
any  means  to  induce  reflex  hypertonus  or  contractions  of  the  stomach 
in  normal  men  and  dogs  by  such  stimuli  as  could  be  used  without  gen- 
eral anesthesia.^' 

EXPERT  MENT.\L      METIIOD.S 

The  methods  used  in  this  work  are  essentially  the  same  as  described 
in  the  report  on  the  innervation  of  the  mammalian  cardia,^  and  the 
reader  is  referred  to  that  paper  for  a  more  detailed  description  and 
criticism  both  of  the  mechanical  devices  for  recording  the  cardia 
contractions  and  the  methods  of  preparing  the  animals  for  experimenta- 
tion. For  the  convenience  of  the  reader,  Figure  1  of  that  report  is 
reproduced  here,  showing  in  diagram  the  ]M)sition  of  the  cardiometer 
and  the  devices  for  keeping  it  in  place. 

The  animals  used  were  cats  and  dogs. 

One  dog  was  provided  with  a  permanent  gastrostomy  and  esopha- 
geal fistula  in  the  neck.  This  animal  was  dressed  daily  and  otherwise 
well  cared  for,  so  that  he  is  in  first  class  condition.  This  dog  was  used 
for  the  study  of  reflexes  to  the  cardia  from  the  mouth,  pharynx,  and 
stomach,  action  of  cocain  on  the  cardia,  etc.,  without  anesthesia. 


12.  Wertheimer:    .^rcli.  de  Phvsiol.  4:379,  1891. 

13.  Morat:    Arch,  de  Phvsiol.  5:142,  1893. 

14.  Auer:    Am.    T.  Phvsiol.   18:347,   1507;   ibid.  25:334,   1910. 

15.  Barber  and  Stewart:    Proc.  Soc.   Exper.  Biol.  &  Med.   17:155.   1920. 

16.  Carlson:    Am.  J.  Physiol.  31:212.  1913;  ibid.  32:389,  1913. 

17.  Carlson:   Am.  J.  Physiol.  35:155,  1914.    The  Control  of  Hunger  in  Health 
and  Disease,  Chicago,  1916. 
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In  all  the  acute  experiments  the  animals  were  anesthetized  with 
ether.  Gastrostomy  and  fistula  of  the  esophagus  were  made  for  fixing 
the  cardiometer  in  place.  Usually  a  balloon  was  also  placed  in  the 
stomach  for  recording  the  gastric  tonus.  From  here  on  the  following 
procedures  were  used : 

1.  The  experiment  was  conducted  under  constant,  but  light,  ether 
anesthesia. 


Fig.  1. — Diagram  to  illustrate  method  of  continuous  recording  of  the  tonus 
of  the  cardia.  A,  (condom  from  4  to  6  cm.  in  length)  in  cardia  and  lower 
esophagus.  B,  Rubber  plug  (from  2  to  2.5  cm.  diameter,  1  cm.  thick),  pre- 
venting cardia  balloon  from  being  pushed  or  pulled  up  into  esophagus.  C,  Rub- 
ber tube  (4  mm.  diameter),  connecting  esophageal  end  of  cardia  balloon  with 
water  manometer  via  esophageal  fistual  in  neck.  D,  thread  passing  inside 
cardia  balloon  and  firmly  attached  to  rubber  plug  (B)  for  holding  balloon  (A) 
in  cardia.  E,  ruliber  tube  (4  mm.  diameter)  connecting  stomach  end  of  cardia 
balloon  with  water  manometer  through  gastric  fistula.  F,  balloon  (condom, 
length  from  10  to  15  cm.)  in  stomach.  G,  rubber  tube  connecting  gastric 
balloon  with  water  manometer  through  gastric  fistula. 


2.  Ether  anesthesia  was  continued  with  curare  (crude  extract)  and 
artificial  respiration,  for  elimination  of  skeletal  and  respiratory  reflexes. 

3.  Animals  were  decerebrated  and  the  ether  anesthesia  discontinued. 

4.  Conditions  1,  2  and  3  were  followed  with  chest  and  respiratory 
mechanism  intact,  or  with  chest  opened,  artificial  respiration,  the  phrenic 
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nerves  sectioned  and  the  diaphragm  dissected  away  from  the  esophagus 
as  completely  as  possible  without  injury  to  the  innervation  of  the  cardia 
and  lower  esophagus.  This  procedure  eliminates  possible  errors  in  the 
tracings  from  contraction  or  spasm  of  the  diaphragm.  But  it  has  the 
drawback  of  decreasing  reflex  action  from  "shock''  due  to  the  extensive 
dissection  or  trauma. 

The  following  criticism  may  be  made  against  procedures  1,  2  and  3. 

(a)  Anesthesia  of  sufficient  depth  to  abolish  pain  and  skeletal 
movements  depresses  at  the  same  time  the  reflexes  to  the  cardia.  Under 
deep  anesthesia  (abolition  of  the  lid  reflex)  reflexes  into  the  cardia  are 
abolished,  or  are  feeble  and  inconstant.  It  is,  therefore,  probable  that 
positive  results  under  anesthesia,  while  correct  qualitatively,  are  sub- 
normal in  quantity,  that  is,  in  strength  and  duration.  But  one  might 
even  question  whether  they  are  necessarily  correct  in  quality,  since 
ether  anesthesia  lowers  the  tonus  of  the  cardia,  and  we  have  shown 
that  the  quality  of  the  primary  response  of  the  cardia  to  stimulation  of 
the  extrinsic  efferents  depends  on  the  degree  of  tonus  of  the  cardia  at 
the  moment  of  stimulation. 

(b)  The  anesthesia  factor  can  be  eliminated  by  decerebration,  but 
handling  of  the  visceral  organs  and  stimulation  of  visceral  afiferents  in 
good  decerebrate  preparations  induces  violent  and  prolonged  skeletal 
movements  with  ultimate  depression  of  all  reflexes  ("shock").  When 
general  body  movements  are  violent  and  the  respiratory  movements 
are  irregular,  the  recording  of  the  cardia  tonus  by  the  present  method 
is  rendered  difficult. 

(c)  From  the  above  considerations  it  would  seem  that  the  ideal 
preparation  would  be  decerebration  combined  with  curare  and  artificial 
respiration.  We  found,  however,  that  crude  extract  of  curare  (Merck) 
in  doses  sufficient  to  paralyze  the  skeletal  muscles  for  from  fifteen  to 
twenty  minutes,  has  a  direct  stimulating  action  on  the  cardia  and  lower 
esophagus,  inducing  spasms  of  these  regions  lasting  from  three  to 
fifteen  minutes,  and  for  some  time  after  such  spasm  the  cardia  reflexes 
are  depressed.  The  stronger  the  dose  of  curare  the  more  prolonged 
the  spasm  of  the  cardia.  And  since  minimal  doses  of  curare,  in  cats, 
must  be  repeated  every  twenty  or  thirty  minutes,  curare  does  not  leave 
the  cardia  mechanism  even  approximately  normal.  Furthermore,  Klee  ^® 
reports  that  decerebration  in  cats  increases  the  tonic  action  on  the 
intestine  both  of  the  vagi  and  the  splanchnic  nerves,  the  former  pre- 
dominating. 

We  have  obtained  definite  reflexes  into  the  cardia  in  curarized,  in 
decerebrated,  and  in  curarized  and  decerebrated  preparations,  but  light 
ether  anesthesia  alone  vielded,  on  the  whole,  better  results. 


18.  Klee:    Deutsch.   Arch.   f.   klin.   Med.   129:275,    1919. 
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The  experiments  that  we  were  able  to  make  on  the  dog  with  the 
permanent  gastrostomy  and  esophageal  fistula,  without  anesthesia,  are 
physiologic,  both  in  quality  and  quantity,  as  this  animal  was  normal  and 
in  first  class  condition. 

RESULTS 

A.  Cardia  Reflexes  From  Skeletal  A ff events. — When  both  vagi  and 
the  splanchnic  nerves  are  intact,  stimulation  of  the  central  end  of  the 


Fig.  2. — Cat.  Light  ether  anesthesia.  Stomach  in  state  of  digestion,  but  food 
removed  througli  gastrostomy.  Cardia  and  lower  esophagus  hypertonic,  with 
rhythmical  contractions.  Water  manometer  tracings.  A,  cardia  end  of  cardi- 
ometer.  B,  esophageal  end  of  cardiometer.  Signal,  tetanization  of  central  end 
of  sciatic  nerve.  Showing  reflex  inhibition  of  the  hypertonic  cardia.  Time, 
minutes. 

sciatic  nerve  with  the-  tetanizing  current  usually  produces  inhibition  of 
the  tonus  of  the  cardia  and  the  lower  esophagus  (Fig.  2),  as  reported 
by  Openchowski.  This  is  particularly  true  if  the  cardia  is  in  strong 
tonus.  But  in  some  experiments  contraction  of  the  cardia  followed  the 
sciaic  stimulation.  Both  the  contractions  and  the  inhibitions  usually 
last  for  a  considerable  period  beyond  the  stimulation. 


C.-IRLSOX-BO]  -D-PEARC )  '—XER  /'Of  W     .V }  'STEM 


415 


When  both  vagi  are  sectioned  in  the  neck,  sciatic  stimulation  usually 
causes  a  prolonged  spasm  or  contraction  of  the  cardia  (Fig.  3). 

We  have  shown  that,  in  the  cat,  epinephrin  usually  causes  contrac- 
tion, but  it  may  also  cause  inhibition  of  the  cardia.  The  question 
whether  strong  sciatic  stimulation  leads  to  an  increased  output  of  epine- 
phrin is  in  dispute.  But  epinephrin  is,  at  least,  not  solely  responsible 
for  the  cardia  effects  here  described,  for  they  can  be  obtained  after 
excision  of  the  suprarenals.  It  is  true  that  after  complete  supraren- 
alectomv  the  cardia  reflexes  induced  bv  sciatic  stimulation  are  usually 


Fig.  3. — Cat.  Light  ether  anesthesia.  Both  vagi  sectioned,  chest  opened. 
Artificial  respiration.  Both  phrenic  nerves  sectioned.  Water  manometer  trac- 
ings. A,  cardia  opening  of  cardiometer.  B,  esophageal  opening  of  cardiometer. 
Signal,  tetanization  of  central  end  of  sciatic  nerve.  .Showing  refle.x  spasm  of 
the  cardia  via  the  splanchnic  motor  efferents.     Time,  minutes. 


less  marked.  But  we  are  inclined  to  ascribe  this  to  depression  of  the 
reflex  centers  (central  and  peripheral)  from  the  trauma  of  the 
operation. 

B.  Cardia  Reflexes  From  the  Mouth  and  Pharynx. — In  cats  under 
light  anesthesia  mechanical,  chemical,  or  thermal  stimulation  of  the 
tongue  and  mouth  inhibits  the  tonus  of  the  cardia  (Fig.  4).  The  inhibi- 
tion may  be  followed  by  increased  tone  at  the  end  of  the  stimulation. 
These  effects  are  independent  of  deglutition.     We  have  obtained  similar 
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inhibition  of  the  cardia  from  the  mouth  in  our  fistula  clog,  but  in  a  dog 
not  under  anesthesia  it  is  difficult  to  stimulate  the  tongue  or  the  mouth 
in  any  way  without  inducing  swallowing  from  the  increased  salivation. 

If  the  cardia  is  atonic,  mechanical  stimulation  of  the  pharynx  usually 
causes  contraction  of  the  cardia  and  lower  esophagus.  If  the  cardia  is 
in  strong  tone  the  stimulation  causes  primary  inhibition  followed  by 
contraction  (Fig.  4).  Similar  effects  are  produced  by  tetanization  of 
the  central  end  of  the  glossopharyngeal  nerve.  These  reflexes  are 
obtained  in  the  absence  of  swallowing,  but  they  fail  after  section  of 
both  vagi  nerves. 

After  finding  that  mechanical  stimulation  of  the  pharynx,  that  is, 
of  the  glossopharyngeal  nerve  field,  or  tetanization  of  the  central  end 
of  the  cut  glossopharyngeal  nerve  itself,  induces  opposite  cardia 
reflexes,  depending  on  the  tonus  of  the  cardia,  we  became  interested  in 
the  findings  of  Kronecker  and  Meltzer,  and  of  Valenti,  that  section  of 
these  nerves,  or  cocainization  of  the  pharyngeal  mucosa  induces  perma- 
nent (many  hours)  hypertonus  of  the  cardia.  In  acute  experiments  on 
cats  we  have  not  been  able  to  secure  the  permanent  hypertonus  of  the 
cardia  and  esophagus  described  by  Kronecker  and  Meltzer  as  following 
section  of  both  glossopharyngeal  nerves.  This  operation  cannot  be  made 
complete  without  some  mechanical  injury  to  the  root  of  the  vagi.  Hence 
temporary  motor  disturbance  of  the  cardia  and  esophagus  following 
section  of  both  glossopharyngeal  nerv^es  under  anesthesia  may  be  due  to 
disturbance  of  the  vagi. 

We  have  repeated  the  experiments  of  Valenti  of  cocainizing  the 
pharynx  of  cats,  under  anesthesia.  This  procedure  usually  leads  to 
some  hypertonus  of  the  cardia  as  reported  by  Valenti.  But  we  are  not 
satisfied  that  Valenti's  interpretation  of  the  fact  is  adequate.  In  the 
first  place,  it  is  not  possible;  even  in  light  anesthesia,  to  cocainize  the 
pharynx  without  some  of  the  drug  reaching  the  esophagus,  and  possibly 
even  the  cardia,  even  when  the  animal  does  not  swallow.  \"alenti  used 
strong  solutions  of  the  drug  (from  6  to  50  per  cent.).  Under  such 
conditions  some  of  the  cocain  will  be  absorbed  from  the  pharynx  and 
esophagus  into  the  general  circulation  and  may  act  on  the  cardia  via 
the  blood. 

It  is  known  that  cocain,  in  the  blood,  increases  the  action  of  visceral 
nervous  mechanisms. ^^  We  have  seen  that  the  cardia  and  low^er  esoph- 
agus have  motor  innervation  via  the  splanchnic  system.  Numerous 
experiments  were  made  on  cats  under  ether  anesthesia,  and  on  the  dog 
with  the  permanent  fistulae  to  test  this  possibility  of  direct  action  of 
cocain  on  the  cardia.     Intravenous  injection  of  as  little  as  1  mg.  cocain 


19.  Tatum:    J.   Pharmacol.  &   Exper.  Therap.   16:109,   1920. 
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in  the  cat,  and  from  1  to  2  mg.  in  the  15  kg.  dog  induces  distinct 
hypertonus  of  the  cardia.  lasting  from  five  to  fifteen  minutes  (Fig.  5). 
Larger  doses  of  the  drug  have  more  pronounced  effects. 

Since  stimulation  of  the  glossopharyngeal  nerve  induces  both  inhibi- 
tion and  contraction  of  the  cardia  via  the  vagi  eft'erents,  and  as  cocain 
in  the  blood  has  a  direct  motor  action  on  the  cardia  it  is  evident  that 
h\l)ertonus  of  the  cardia  following  cocainizing  of  the  pharynx  is  not  due 
solelv  to  the  elimination  of  afferent  impulses  via  the  glossopharyngeal 
nerve  that  maintain  the  vaguscardia  inhibitory  tonus  in  the  normal 
animal. 


Fig.  6. — Cat.  Light  ether.  Water  manometer  tracings.  A,  balloon  in  lower 
esophagus  and  cardia.  B,  halloon  in  esophagus  at  level  of  heart.  (/.  traction 
on  right  vagus  liy  pulling  on  right  carotid  artery,  inducing  spasm  of  the  cardia. 


C.  Cardia  Reflexes  via  the  Vagi  Affereiits. — The  cardia  and  lower 
esophagus  in  cats,  even  under  ether  anesthesia,  are  very  .sensitive  to 
mechanical  stimulation  of  the  vagi  trunks  in  the  neck.  The  prevailing 
effects  of  traction  on  the  intact  vagus  by  pulling  on  the  carotid  artery 
is  a  spasm  of  the  cardia  and  lower  esophagus  (Fig.  6).  This  is  probably 
partly  due  to  mechanical  stimulation  of  the  motor  fibers  in  the  vagi,  and 
is  in  part  a  reflex  via  the  vagi  afferents.  Section  of  the  vagi  produces 
similar  spasm  of  the  cardia  (  Fig.  7).    If  one  vagus  is  left  intact  stimula- 
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Fig.  8. — Decerebrated  cat.  Water  manometer  tracings.  Lett  vagus  sectiuned 
in  the  neck.  A,  balloon  in  stomach.  B,  cardia  opening  of  cardiometer. 
G,  esophageal  opening  of  cardiometer.  a,  mechanical  stimulation  of  central  end 
of  left  vagus ;  b,  tetanization  of  central  end  of  left  vagus.  Showing  reflex 
inhibition  and  contraction  of  cardia,  and  inhibition  of  stomach,  from  stimulation 
of  vagi  afiferents.     Time,  minutes. 
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tion  of  the  central  end  of  the  other  vagus  usually  causes  a  temporary 
inhibition  of  the  cardia  followed  by  a  prolonged  spasm  (Fig.  8).  This 
reflex  usually  involves  inhibition  of  the  gastric  tonus. 

Since  the  spasm  of  the  cardia  following  section  of  the  second  vagus 
is  in  strength  and  duration  similar  to  that  induced  by  section  of  the  first 
vao-us.  it  is  evident  that  this  motor  response  is  mainly  due  to  the 
mechanical  stimulation  of  the  vagi  motor  nerve  fibers  to  the  cardia.  We 
have  shown  in  a  previous  report  ^  that  in  exceptional  cases  section  of 
both  vagi  (cat,  rabbit)  leads  to  spasm  of  the  cardia  lasting  for  several 
hours  or  throughout  an  acute  experiment.  Such  results  are  difficult 
to  explain  except  on  the  basis  of  a  normal  vagi-cardia  inhibitory  tonus. 
Under  the  anesthesia  and  trauma  of  acute  experiments  this  central 
inhibitorv  tonus  mechanism  is  e\idently  depressed,  except  in  an 
occasional  preparation. 

In  connection  with  Figure  7  it  may  be  pointed  out  that  the  spasms 
of  the  cardia.  induced  reflexly  or  by  direct  stimulation  of  the  motor 
efferents,  usually  appear  as  hypertonus  with  superimposed  rhythmical 
contractions.  This  is  especially  true  of  spasms  of  the  cardia  induced 
via  the  vagi  motor  efferents.  Direct  stimulation  of  the  splanchnic  motor 
system  may  induce  hypertonus  of  the  cardia  with  less  marked  rhyth- 
mical pulsations.  These  rhythmical  contractions  of  the  hypertonic 
cardia  were  noted  over  sixty  years  ago  by  Basslinger,-'^  and  are  some- 
times referred  to  as  "BassHnger's  pulse." 

With  the  corresponding  vagus  intact,  stimulation  of  the  central  end 
of  the  recurrent  laryngeal  nerve  induces  spasm  of  the  cardia.  We 
assumed  that  this  was  a  reflex,  the  afferent  path  being  vagi  sensory 
fibers  from  the  esophagus  and  larynx,  until  in  some  preparations  this 
stimulation  caused  contraction  of  the  cardia  even  after  section  of  both 
vagi  nerves.  We  feel  sure  that  these  unexpected  results  were  not  caused 
by  escape  of  the  electrical  current  to  the  vagus  trunk  or  directly  to  the 
esophagus.  The  only  explanation  we  can  suggest  is  that  some  aft'erent 
fibers  from  the  cervical  or  thoracic  nerves  pass  into  the  recurrent 
laryngeal  nerve.  On  this  assumption,  the  contractions  of  the  cardia 
following  stimulation  of  the  central  end  of  the  recurrent  laryngeal 
nerve,  with  both  vagi  sectioned,  is  a  reflex  through  the  spinal  cord  and 
the  splanchnic  motor  fibers.  We  do  not  think  that  it  is  an  "axon 
reflex,"  as  that  term  is  used  by  Langley,  because  the  innervation  of  the 
lower  esophagus  and  cardia  by  branches  of  the  same  motor  neuron  that 
supplies  the  esophageal  muscles  in  the  neck  would  render  the  normal 
peristalsis  of  deglutition  impossible. 

According  to  experiments  on  dogs  recently  reported  by  Tournay,^^ 
some  sensory  innervation  of  the  hind  legs  reaches  its  peripheral  distri- 


20.  Basslinger:     Sitzungsber.   Kaiserl.   Akad.   f.  Wissensch.   38:    1859. 

21.  Tournay:    Compt.   rend.  Acad.   d.    sc.   173:939,    1921. 
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bution  via  the  sympathetic   system.      Evidently   the   present  views  of 
nerve  components  must  be  reinvestigated  by  physiologic  methods. 

D.  Cai'dia  Reflexes  From  the  Stomach. — In  cats  under  light  ether 
anesthesia  and  in  the  dog  with  the  permanent  fistula  sudden  stretching 
of  the  stomach  wall  by  inflation  and  collapse  of  a  condom  balloon  in 
the  stomach  induces  hypertonus  or  spasms  of  the  cardia  lasting  from 
three  to  ten  minutes  (Fig.  9).  This  degree  of  distension  of  the  empty 
stomach  does  not  cause  pain  or  distress.  Similar  distention  of  the 
stomach  in  man  is  felt  as  fullness,  without  distress  or  pain. 

Our  records  on  the  dog  with  the  permanent  gastrostomy  and  esoph- 
ageal fistula,  the  experiments  being  done  without  anesthesia,  indicate 
that  the  hypertonicity  of  the  cardia  following  sudden  tension  on  the 
walls  of  the  stomach  extends  to  the  striaed  musculature  of  the  esoph- 
agus. It  is,  therefore,  in  part,  a  long  reflex.  This  esophageal  hypertonus 
is  not  in  evidence  on  our  cat  records,  the  long  reflexes  being  ]:)robably 
depressed  by  the  general  anesthesia. 

Water,  0.4  per  cent,  hydrochloric  acid  and  0.4  per  cent,  sodium 
carbonate  at  body  temperature,  introduced  into  the  stomach,  induce  a 
brief  relaxation,  followed  by  a  somewhat  more  prolonged  hypertonus 
of  the  cardia  (Fig.  10).  There  is  little  or  no  difl:'erence  in  the  efifect 
on  the  cardia  from  introduction  of  50  to  100  c.c.  of  these  fluids  into 
the  stomach  through  the  gastrostomy.  This  applies  to  the  fistula  dog, 
where  no  anesthesia  was  used,  as  well  as  to  cats  under  ether,  except 
that  deep  anesthesia  abolishes  all  efifects  on  the  cardia.  The  primary 
efifect  on  the  cardia,  of  water,  acids,  and  alkalies,  when  introduced  into 
the  empty  stomach,  is  the  same  as  on  the  stomach  itself,  that  is, 
inhibition. 

On  the  basis  of  Cannon's  observations  I  looked  for  greater  increase 
in  the  cardia  tonus  from  acid  in  the  stomach  as  compared  to  equal 
volumes  of  water  or  alkalies.  We  have  recorded  elsewhere  that  gastric 
acidity  fails  to  account  for  the  hypertonus  of  the  cardia  during  normal 
gastric  digestion."  This  cardia  hypertonus  persists  for  some  time  after 
the  food  has  been  removed  and  the  stomach  washed  out  with  water  or 
alkalalies.  And  the  digestion  hypertonus  cannot  be  reproduced  by  intro- 
ducing acids  into  the  empty  and  quiescent  stomach.  It  may  also  be 
noted  in  this  connection  that  in  the  normal  animal  the  tonus  of  the 
cardia  parallels  the  gastric  tonus,  even  when  the  stomach  is  empty. 

These  results  on  the  cardia  and  lower  esophagus  parallel  our  earlier 
findings  on  the  empty  stomach  of  man  and  dog."  The  primary  efifect 
of  water,  acids  or  alkalies,  introduced  directly  into  the  stomach,  is  a 
decrease  in  tonus  and  contraction  of  the  stomach.  This  "receptive 
relaxation"  is  similar  to  that  noted  by  Cannon  as  following  deglutition, 
except  that  this  is  primarily  a  local  action,  probably  reflex. 


ri 
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Fig.  9. — Dog  with  permanent  gastrostomy  and  esophageal  fistula  (in  the 
neck).  Stomach  empty.  Water  manometer  tracing.  A,  balloon  in  stomach. 
B,  cardia  opening  of  cardiometer.  C,  esophageal  opening  of  cardiometer, 
a,  sudden  inflation  of  second  balloon  in  stomach.  Showing  reflex  spasm  of  the 
cardia  and  esophagus  from  sudden  (but  temporary)  distention  of  the  stomach. 
Time,  minutes. 
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F.  Cwdia  Reflexes  I'roui  the  Abdominal  J'iseera. — In  decerebrated 
cats,  as  well  as  in  cats  under  ether  anesthesia,  mechanical  stimulation  of 
the  gallbladder  (rubbing  between  the  fingers,  pinching  with  forceps) 
or  the  common  bile  duct  leads  to  very  marked  hypertonus  or  spasm  of 
the  cardia,  lasting  at  times  for  fifteen  minutes  or  longer  (Fig.  11). 
This  reflex  is  obtained,  although  usually  in  diminished  degree,  after 
section  of  the  vagi,  but  not  after  section  of  both  vagi  and  splanchnic 
nerves.  It  is.  therefore,  essentially  a  long  reflex  involving  the  vagi  and 
splanchnic  efit'erents.  In  a  few  experiments  the  gallbladder  stimulation 
caused  relaxation  of  the  cardia.    The  predominance  of  the  motor  reflex 


Fig.  12. — Cat.  Light  ether  anesthesia.  Water  manometer  tracing.  A,  balloon 
in  lower  esophagus  and  cardia.  B,  balloon  in  esophagus  at  level  of  heart. 
t,  mechanical  pressure  on  the  urinary  bladder,   inducing  spasm  of  the  cardia. 


may  be  due  to  the  usual  low  tonus  of  the  cardia  in  cats  under  anesthesia 
or  shortly  after  decerebration.  Electrical  stimulation  of  the  gallbladder 
is  less  efficient  than  the  meclianical  stimulation  in  j)roducing  the  reflex 
spasm  of  the  cardia. 

Strong  distension  or  compression  (pinching,  crushing)  of  the 
urinary  bladder  or  of  the  large  or  small  intestine  induces  predominantly 
cardia  hypertonus  or  spasm  outlasting  for  a  long  time  the  period  of 
stimulation  (Figs.  12  and  13).  The  splanchnic  nerves  are  the  main 
aft"erent  paths,  and.  in  pnrt,  the  efferent  ]:iaths   for  the  reflex.     Very 
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strong  reflexes  into  the  cardia  are  induced  by  mechanical  or  electrical 
stimulation  of  the  central  end  of  one  splanchnic  nerve  (Fig.  14),  even 
after  section  of  both  vagi.  The  motor  reflex  into  the  cardia  via  the 
splanchnic  efiferents  may  involve  stronger  contraction  of  the  cardia  and 
lower  esophagus  than  that  caused  by  direct  stimulation  of  the  peripheral 
end  of  the  sectional  splanchnic  nerve  (Fig.  15). 

Stimulation  of  the  sympathetic  trunk  in  the  chest,  after  section  of 
the  splanchnic  nerves  on  that  side,  causes  hypertonus  or  spasm  of  the 
cardia.  This  result  is  obtained  even  after  severance  of  possible  efferent 
motor  nerve  fibers  that  may  enter  the  cardia  and  lower  esophagus  via 
the  aortic  nerve  plexus.  It  is  therefore  essentially  a  reflex  via  the 
visceral  afiferents  in  the  thoracic  sympathetic  trunk. 

DISCUSSION 

The  cardia  and  esophageal  reflexes  described  in  the  preceding  sec- 
tions are  complex  reactions,  depending  not  only  on  the  condition  of 
the  central  nervous  system,  but  also  on  the  state  of  the  intestine.  The 
reader  must  not  infer  that  all  of  these  reflexes  can  be  demonstrated 
in  a  single  animal,  even  when  great  care  is  taken  with  the  anesthesia 
and  the  trauma  of  necessary  dissections.  In  some  preparations  the 
reflexes  were  more  readily  elicited  than  in  others,  e\;en  under  experi- 
mental conditions  as  nearly  identical  as  possible.  We  have  no  real 
explanation  to  offer  for  these  variations,  except  the  unknown  factor 
of  central  and  peripheral  "shock."  The  motor  control  of  the  cardia  and 
lower  esophagus  involves  local  automatism  and  reflexes  via  the  Auer- 
bach's  plexus,  long  reflexes  via  the  vagi  efferents,  and  long  reflexes  via 
the  splanchnic  efiFerents.  The  long  reflex  mechanisms  can,  apparently, 
be  thrown  into  activity  by  the  stimulation  of  any  sensory  nerve  in  the 
body.  The  response  of  the  cardia  and  lower  esophagus  in  this  reflex 
may  be  either  relaxation  or  contraction,  depending  in  part  on  the  state 
of  the  tonus  of  the  cardia  at  the  time  of  stimulation.  If  the  cardia  is 
in  feeble  tonus,  the  contraction  reflex  prevails ;  if  it  is  in  strong  tonus, 
the  inhibition  reflex  usually  predominates.  But,  on  the  whole,  in  our 
experimental  conditions  in  the  cat  and  dog  the  inhibition  reflex  seems 
to  be  evoked  more  readily  via  the  vagi  efiferents,  and  the  motor  reflex 
via  the  splanchnic  efiferents. 

While  it  is  true  that  the  cerebrospinal  reflexes  into  the  cardia  can 
be  initiated  by  the  stimulation  of  almost  any  aft'erent  nerve,  neverthe- 
less, our  results  indicate  that  the  afiferents  from  the  upper  end  of  the 
alimentary  tract  (mouth,  pharynx,  esophagus)  and  from  the  viscera 
supplied  by  the  splanchnic  system,  are  in  the  closest  reflex  relation  to 
the  cardia  efiferents.  The  cardia  reflexes  evoked  by  stimulation  of  the 
sensory  nerves  to  the  mucous  membrane  in  the  mouth,  the  pharynx. 
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the  esophagus  and  the  stomach  are  primarily  inhibitory,  the  carclia 
reflexes  initiated  by  the  splanchnic  afferents  are  predominantly  motor 
(spasm  of  the  cardia). 

There  is  a  long  step  between  these  types  of  cardia  spasm  induced 
in  normal  animals,  under  experimental  conditions,  and  spontaneous 
cardiospasms  in  man.  There  is  no  reason  for  believing  that  the  nervous 
control  of  the  cardia  in  man  is  essentially  different  from  that  in  the 
cat.  But  the  disturbance  in  the  afferent  side  of  this  mechanism  that 
may  lead  to  spasm,  may  apparently  occur  almost  anywhere  in  the  body, 
particularly  in  the  viscera.  Conditions  leading  to  hyperirritability  in 
the  regions  of  the  medulla  and  thoracic  cord  whence  the  motor  neurons 
emerge  will,  of  course,  induce  spasm  of  the  cardia  by  excessive  activity 
of  these  efferents,  provided  the  inhibitory  efferents  are  not  rendered 
hyperactive  at  he  same  time.  In  the  latter  case  there  should  be  no 
change  in  the  cardia  control.  There  is  some  evidence  of  a  predominant 
inhibitory  tone  of  the  cardia  efferents,  similar  to  the  tonic  action  of  the 
vagi  inhibitory  efferents  to  the  heart.  On  this  basis,  spasm  of  the  cardia 
could  follow  depression  or  failure  of  this  inhibitory  tonic  action. 
Spasms  of  the  cardia  and  lower  esophagus  would  then  be  similar  to  the 
tachycardia  due  to  failure  of  the  vagus  action.  This  is  the  opposite  of 
"vagotonia ;"  it  is  vagohypotonia.  It  is,  of  course,  well  known  that 
cardiospasms  occur  most  frequently  in  so-called  "nervous"  individuals, 
who  frequently  show  other  evidence  of  defective  inhibition  besides 
tachycardia  and  cardiospasm. 

Chronic  cardiospasm  is  usually  associated  with  dilation  of  the  esoph- 
agus (striated  muscular  system).  This  may  be  a  further  indication  of 
vagohypotonia,  as  the  motor  nerve  fibers  to  this  musculature  appear  to 
be  exclusively  vagal.  This  is,  however,  not  an  adequate  explanation  in 
all  cases,  since  the  musculature  of  the  dilated  esophagus  may  show 
actual  hypertrophy  or  thickening.  This  could  not  take  place  in  failure 
of  the  motor  innervation,  unless  the  striated  musculature  of  the  esoph- 
agus is  less  dependent  on  the  motor  nerves  than  are  the  skeletal  muscles. 

The  fact  that,  in  the  normal  man  and  animal  at  least,  the  tonus  of 
the  cardia  is  inhibited  reflexly  by  chemical  and  mechanical  stimulation 
of  the  sensory  nerves  in  the  mouth,  may  have  some  practical  applica- 
tion. Bitters  or  acids  in  the  mouth  may  reflexly  help  to  inhibit  the 
milder  forms  of  reflex  cardiospasm. 

SUMMARY 

A.  In  normal  dogs,  not  under  anesthesia,  it  is  shown  that 
1.  The  tonus  of  the  cardia  is  temporarily  inhibited  by  stimulation 
of  sensory  nerves  in  the  mouth  and  pharnyx. 
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2.  The  tonus  of  the  cardia  is  temporarily  inhibited  by  stimulation  of 
nerves  in  the  gastric  mucosa. 

3.  The  tonus  of  the  cardia  is  increased  by  sudden  distension  of  the 
walls  of  the  stomach. 

4.  The  tonus  of  the  cardia  is  increased  by  intravenous  injection  of 
small  quantities  of  cocain. 

5.  The  tonus  of  the  cardia  is  increased  during  gastric  digestion  by 
some  factor  other  than  the  acidity  of  the  gastric  contents. 

6.  The  tonus  of  the  cardia  runs  parallel  with  the  tonus  and  hunger 
contractions  of  the  empty  stomach. 

B.  In  dogs  and  cats  under  light  ether  anesthesia,  ether  and  curare, 
or  decerebration,  it  is  shown  that 

1.  Reflex  inhibition  or  contraction  of  the  cardia  and  low^er  esophagus 
can  be  initiated  by  the  stimulation  of  any  sensory  nerve,  skeletal  or 
visceral. 

2.  When  the  vagi  are  intact  stimulation  of  the  sensory  nerves  in 
the  mouth,  pharynx,  esophageal  and  gastric  mucosa  induces  on  the 
whole  inhibition  of  the  cardia,  followed  by  contraction. 

3.  Stimulation  of  the  afTerents  from  the  abdominal  viscera  (gall- 
bladder, intestine,  urinary  bladder,  central  end  of  one  splanchnic  nerve) 
induces  on  the  whole  reflex  contraction  of  the  cardia  and  lower  esoph- 
agus, even  when  both  vagi  nerves  are  sectioned. 

4.  When  the  tonus  of  the  cardia  is  feeble,  the  motor  reflexes  into 
the  cardia  predominate,  when  the  cardia  is  hypertonic  the  inhibitory 
reflexes  prevail. 

5.  Strong  stimulation,  particularly  of  the  abdominal  viscera  or  the 
central  end  of  the  splanchnic  nerve,  may  cause  strong  spasm  of  the 
cardia  and  lower  esophagus  lasting  from  10  to  30  minutes. 

C.  General. 

1.  The  demonstration  of  motor  and  inhibitory  innervation  of  the 
cardia  and  lower  esophagus  via  the  splanchnic  nerves,  and  the  confirma- 
tion and  extension  of  Openchowski's  observations  on  the  reflex  control 
of  the  cardia  and  lower  esophagus  should  be  taken  into  account  in 
clinical  cardiospasm.  But  it  must  not  be  inferred  that  the  reflex  spasms 
of  the  cardia  here  described  are  identical  with  any  or  all  types  of 
cardiospasm  so  far  found  in  man,  although  it  is  possible  that  experi- 
mental chronic  lesions  in  otherwise  normal  cats  and  monkeys  may 
induce  abnormalities  in  cardia  control  more  akin  to  clinical  cardiospasm 
than  those  revealed  by  the  present  study. 


ELECTROCARDIOGRAPHY     AND     PROGNOSIS 

I.     SIGNIFICANT     T     \VA\  E     NEGATIVITY     IN     ISOLATED     AND 
COMBINED     DERIVATIONS     OF     THE     ELECTROCARDIOGRAM  * 

FREDRICK    A.     WILLIUS.     M.D. 

ROCHESTER.      MINX. 

Electrocardiography  has  been  accorded  distinction  as  a  valuable 
diagnostic  adjunct,  but  as  yet  relatively  little  attention  has  been  given 
to  its  prognostic  value.  I  have  been  especially  interested  in  the  study 
of  abnormal  electrocardiograms  with  special  reference  to  clinical  types 
of  heart  disease  and  the  significance  of  these  graphic  changes  with 
regard  to  life  expectancy.  In  the  analysis  of  large  groups  of  cases 
of  heart  disease  one  is  impressed  with  the  frequent  occurrence  of 
certain  graphic  abnormalities  in  definite  clinical  types  of  cardiopathies. 
Such  cases  invariably  present  unmistakable  objective  evidence  of  high 
grade  myocardial  disease.  I  am  referring  particularly  to  significant 
T  wave  negativity,  to  aberration  of  the  Q  R  S  complex  in  all  deriva- 
tions of  the  electrocardiogram,  and  to  the  coexistence  of  these  abnor- 
malities. From  the  standpoint  of  prognosis,  these  changes  constitute 
three  \vell  defined  groups. 

A  very  obvious  fact  that  is  brought  to  the  attention  of  those  who 
correlate  large  clinical  and  electrocardiographic  data  is  the  inability 
to  foretell  the  presence  or  absence  of  these  graphic  changes  in  similarly 
damaged  hearts. 

Electrocardiography  was  introduced  in  the  Mayo  Clinic  in  1914 
and  careful  detailed  records  have  been  maintained  of  all  patients 
examined  electrocardiographically.  The  cases  are  grouped  and  sub- 
grouped  according  to  clinical  and  electrocardiographic  types,  and  an 
automatic  follow-up  system  of  patients  has  been  established.  It  is 
thus  possible  to  obtain  accurate  mortality  statistics  and  definitelv  to 
establish  the  length  of  life  from  the  time  of  examination,  and  in  some 
instances,  from  the  onset  of  cardiac  symptoms. 

In  a  previous  article  ^  I  discussed  T  wave  negativity,  its  occurrence 
in  certain  isolated  and  combined  derivations  of  the  electrocardiogram, 
its  occurrence  in  clinical  types  of  heart  disease,  and  the  ])rognostic 
significance  of  certain  graphic  arrangements.  All  cases  were  included 
regardless  of  the  association  of  other  graphic  abnormalities,  particularly 
aberration  of  the  Q  R  S  complex  afifecting  al!  derivations. 


*  From  Division   of  Medicine,   Mayo   Clinic. 

1.  Willius,   F.  A.:   Observations  on   Negativitv   of  the   Final   \'entricular   T 
Wave  of  the  Electrocardiogram,  Am.  J.  M.  Sc.  160:844,  1920. 
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It  is  mv  intention  in  this  study  to  construct  three  distinct  groups, 
namely :  signiticant  T  wave  negativity  in  isolated  and  combined 
derivations,  aberration  of  the  Q  R  S  complex  in  all  derivations,  and 
significant  T  wave  negativity  associated  with  aberration  of  the  Q  R  S 
complex  in  all  derivations. 

I  have  called  attention  to  two  pertinent  facts  regarding  T  wave 
negativitv,  that  it  never  occurs  alone  in  Derivation  II  nor  in  combined 
Derivations  I  and  III.  and  that  its  occurrence  alone  in  Derivation  III 
has  no  progn(jstic  significance,  since  it  occurs  often  in  normal  hearts 
and  mav  be  an  inconstant  phenomenon. 

In  speaking  of  significant  T  wave  negativity,  I  refer  to  the  graphic 
arrangements,  such  as  occurring  (1)  alone  in  Derivation  I,  (2)  in 
combined  Derivations  I  and  II,  (3)  in  combined  Deri \at ions  II  and  III, 
and  (4)  in  combined  Derivations  I,  II,  and  III. 

Patients  who  have  had  digitalis  within  six  weeks  of  the  time  of 
examination  ha\e  not  been  included,  as  T  wave  negativity  may  be  the 
result  of  digitalis. 

In  this  and  subsequent  studies  the  cases  have  been  grouped  according 
to  clinical  types.  Control  groups  have  been  compiled  for  every  group 
in  this  and  subsequent  studies.  I  wish  clearly  to  define  the  control  series 
to  obviate  any  misunderstanding.  In  this  study  and  in  the  following 
studies  no  control  case  is  repeated.  The  control  cases  agree  case  for 
case  in  decade  occurrence,  clinical  type,  degree  of  decompensation  and 
sex  as  far  as  possible.  All  the  control  patients  had  electrocardiographic 
study  and  the  graphic  criteria  were  absence  of  significant  T  wave 
negati\ity  and  absence  of  aberration  of  the  Q  R  S  complex  in  all 
derivations.  Follow-up  letters  were  not  sent  until  both  groups  were 
compiled. 

Study  1  comprises  449  cases  and  covers  a  period  of  five  and  one-half 
years.  Patients  are  included  who  were  examined  at  the  Mayo  Clinic 
up  to  Jan.  1,  1920.  It  was  deemed  unwise  to  include  patients  of  the 
last  two  years. 

The  graphic  arrangement  of  significant  T  wave  negativity  in  order 
of  frequency  was  (1)  in  combined  Derivations  II  and  III,  189  cases 
(42.1  per  cent.);  (2)  alone  in  Derivation  I,  146  cases  (32.5  per 
cent.)  ;  (3)  in  combined  Derivations  I  and  II,  sixty-three  cases  (14.0 
per  cent.),  and  (4)  in  combined  Derivations  I,  II,  and  III,  fifty-one 
cases  (11.4  per  cent.). 

T    WAVE    NEGATIVITY    ALONE    IN    DERIVATION    I    (146    CASES) 

A.  Clinical  Types  of  Heart  Disease. — The  myocardial  degeneration 
associated  with  hypertension  occurred  with  greatest  frequency  in  fifty- 
one  cases  (34.9  per  cent.).  In  order  of  frequency  the  other  clinical 
types  of  heart  disease  were  angina  pectoris,  twenty-six  cases  (17.7  per 
cent.)  ;  chronic  mvocarditis  and  chronic  endocardial   valvular   disease 
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witli  aortic  regurgitation  each  twenty-one  cases  (14.3  per  cent.); 
chronic  endocardial  valvular  disease  with  mitral  regurgitation,  eleven 
cases  (7.5  per  cent.)  ;  myocardial  degeneration  associated  with  arterio- 
sclerosis, five  cases  (3.4  per  cent.)  ;  chronic  endocardial  valvular  disease 
with  aortic  stenosis,  four  cases  (2.7  per  cent.)  ;  myocardial  degeneration 
associated  \vith  exophthahiiic  goiter  and  adenoma  with  hyperthyroidism, 
each  three  cases  (2  per  cent.),  and  finally,  chronic  endocardial  valvular 
disease  with  mitral  regurgitation  and  stenosis,  one  case  (0.7  per  cent.). 

The  occurrence  of  T  wave  negativity  and  dominance  in  certain 
clinical  types  of  cardiac  involvement  will  be  discussed  elsewhere  in 
this  paper. 

B.  Cardiac  Mortality. — The  subgrouping  of  clinical  types  of  heart 
disease  in  this  study  results  in  some  groups  which  are  too  small  for 
comprehensive  and  reliable  statistical  conclusions  yet  are  presented 
not  only  for  their  interest  but  for  the  purpose  of  maintaining  continuity 
in  the  presentation  of  data.  It  is  interesting  to  note,  however,  that 
the  mortality  averages  of  the  smaller  groups  in  general  are  confirmed 
by  the  average  of  the  complete  group. 

Information  regarding  115  patients  has  been  received  (Table  1). 
Seventy-three  (63.4  per  cent.)  have  succumbed  to  heart  disease  in 
an  average  of  eight  and  one-half  months.  Thirty-nine  (33.9  per  cent.) 
patients  are  living.  Nine  reported  their  conditions  improved,  eighteen 
unchanged,  and  twelve  worse. 

In  striking  contrast  to  these  data  are  the  results  in  the  control  series 
(Table  2).  Ninty-three  patients  have  been  heard  from.  Twenty-six 
(26.8  per  cent.)  have  died  of  heart  disease  in  an  average  of  two  and 
four-tenths  years;  sixty  (64.5  per  cent.)  are  living;  nineteen  are 
improved ;  twenty-eight  are  unchanged,  and  thirteen  are  worse.  The 
difiference  in  mortality  rate  is  so  marked  and  the  difference  in  average 
length  of  life  so  definite  that  further  comment  is  hardly  necessary. 

t    wave    negativity    in    combined    derivations    i    and    ii 
(sixty-three    cases) 

A.  Clinical  Types  of  Heart  Disease. — In  this  group,  as  in  the  fore- 
going, the  myocardial  degenerations  associated  with  hypertension  domi- 
nated— tw^enty-three  cases  (36.5  per  cent.).  The  other  clinical  types  of 
heart  disease  in  order  of  frequency  were  chronic  myocarditis,  eleven 
cases  (17.5  per  cent.)  ;  angina  pectoris,  nine  cases  (14.3  per  cent.)  ; 
chronic  endocardial  valvular  disease  with  aortic  regurgitation,  seven 
cases  (11.1  per  cent.)  ;  chronic  endocardial  valvular  disease  with  mitral 
regurgitation,  five  cases  (7.9  per  cent.)  ;  myocardial  degeneration 
associated  with  arteriosclerosis,  four  cases  (6.3  per  cent)  ;  myocardial 
degeneration  associated  with  adenoma  with  hyperthyroidism,  three  cases 
(4.8  per  cent.),  and  myocardial  degeneration  associated  with  exoph- 
thalmic goiter  one  case  (1.6  per  cent.). 
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B.  Cardiac  Mortality. — Forty-nine  patients  having  T  wave  nega- 
tivity in  combined  Derivations  I  and  II  of  their  electrocardiograms  have 
been  heard  from  and  thirty-two  (65.3  per  cent.)  have  died  of  heart 
disease  in  an  average  of  twelve  and  seven-tenths  months.  Seventeen 
(34.6  per  cent.)  are  living.  Four  report  their  condition  improved, 
eight  unchanged,  and  five  worse  (Table  1). 

In  the  control  series  of  forty  patients  heard  from,  seven  (17.5  per 
cent.)  of  the  deaths  occurred  from  heart  disease  and  of  the  twenty-nine 
living  patients  (72.5  per  cent.)  thirteen  are  improved;  eleven 
unchanged,  and  five  worse  (Table  2).  Here,  again,  is  observed  a  very 
striking  difiference  in  the  mortality  rates  of  the  primary  and  the 
control  series. 

T     WAVE     NEGATIVITY     IN     COMBINED     DERIVATIONS     II     AND     III 

(189     CASES) 

A.  Clinical  Types  of  Heart  Disease. — T  wave  negativity  in  combined 
Derivations  II  and  III  occurred  with  greatest  frequency  in  chronic 
myocarditis,  forty-six  cases  (24.3  per  cent.).  The  other  clinical  types 
of  heart  disease,  in  order  of  frequency,  were  myocardial  degeneration 
associated  with  exophthalmic  goiter,  thirty-seven  cases  (19.6  per  cent.)  ; 
chronic  endocardial  valvular  disease  with  mitral  regurgitation,  twenty- 
four  cases  (12.7  per  cent.)  ;  myocardial  degeneration  associated  with 
hypertension,  twenty-two  cases  (11.6  per  cent.)  ;  angina  pectoris,  sixteen 
cases  (8.5  per  cent.)  ;  chronic  endocardial  valvular  disease  with  aortic 
regurgitation,  eleven  cases  (5.8  per  cent.)  ;  myocardial  degeneration 
associated  with  adenoma  with  hyperthyroidism,  ten  cases  (5.3  per 
cent.)  ;  chronic  endocardial  valvular  disease  with  mitral  stenosis,  nine 
cases  (4.8  per  cent.)  ;  chronic  endocardial  valvular  disease  with  mitral 
stenosis  and  regurgitation,  five  cases  (2.6  per  cent.)  ;  myocardial  degen- 
eration associated  with  arteriosclerosis  and  congenital  heart  disease 
each  three  cases  (1.6  per  cent.)  ;  syphilitic  aortitis,  two  cases  (1.1  per 
cent.),  and  chronic  endocardial  valvular  disease  with  aortic  stenosis, 
one  case  (0.5  per  cent.). 

B.  Cardiac  Mortality. — One  hundred  forty-nine  patients  in  this 
group  have  been  heard  from,  and  forty-eight  (32.2  per  cent.)  have 
succumbed  to  heart  disease  in  an  average  of  eleven  months.  Ninety-two 
(61.7  per  cent.)  are  living  and  thirty-three  report  themselves  improved, 
thirty-nine  are  unchanged,  and  twenty  are  worse  (Table  1). 

In  the  control  series  information  regarding  110  patients  has  been 
received.  Twenty-two  (20  per  cent.)  have  died  of  heart  disease  in 
an  average  of  one  and  one-half  years  (Table  2). 

T  wave  negativity  in  combined  Derivations  II  and  III  is  not  attended 
by  as  high  a  cardiac  mortality  as  are  the  other  groups,  an  observation 
made  in  my  previous  study. 


438  ARCHIVES     OF    IXTERXAL     MEDICIXE 

TABLE  1 — Cardiac  Mortality  with  Sigxificaxt  T  Wave  Xegativity 


riinica]    Classification 


T  wave  Negativity  in 
Derivation  I 

Hypertension 

Clironic  myocarditis 

Arteriosclerosis 

Angin-i  Dectoris 

Exophthalmic  goiter 

Adenoma  with  hyperthyroid- 
ism  

Mitral  regurgitation 

Double  mitral  lesion 

Aortic  regurgitation 

Aortic  stenosis 


Total.... 
Average.. 


O  a 


&i     iS 


Cardiac  Deaths  Patients  Living 

'    »    'lei 


— 

t; 

^■-7  - 

— 

T 

?; 

a< 

X. 

- 

30 

69.7 

10.5 

12 

27.9 

10 

52.6 

6.8 

8 

42.1 

2 

50.0 

8.0 

2 

50.0 

9 

50.0 

11.5 

9 

50.0 

146      115      112      .34 


T  wave  Negativity  in  Com- 
bined Derivations  I  and  II 

Hypertension 

Chronic  myocarditis 

Arteriosclerosis 

Angina  pectoris 

Exophthalmic  goiter 

-Adenoma  with  hyperthyroid- 
ism  

Mitral  regurgitation 

Aortic  regurgitation 


Total 

Average... 


6.3 


T  wave  Negativity  in  Com- 
bined Derivations  II  and  III 

Hypertension 

Chronic  myocarditis 

Arteriosclerosis 

Angina  pectoris 

Exophthalmic  goiter 

.Adenoma  with  hyperthyroid- 
ism  

Mitral  regurgitation 

Mitral  stenosis 

Double  mitral  le.sion 

Aortic  regurgitation 

Aortic  stenosis 

Syphilitic  aortitis 

Congenital  heart  disease 


Total 

Average... 


T  wave  Negativity  in  Com- 
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t    wave    negativity   in    combined  derivations  i,  ii,   and   iii 
(fifty-one    cases) 

A.  Clinical  Types  of  Heart  Disease. — Myocardial  degeneration  asso- 
ciated with  hypertension  as  in  the  first  two  groups  dominates  the  clinical 
types  of  heart  disease  in  T  wave  negativity  in  combined  Derivations 
I,  n  and  III.  The  other  types  in  order  of  frequency  were  chronic 
endocardial  valvular  disease  with  aortic  regurgitation,  nine  cases  (17.6 
per  cent.)  ;  chronic  myocarditis,  eight  cases  (15.7  per  cent.)  ;  angina 
pectoris,  seven  cases  (13.7  per  cent.)  ;  chronic  endocardial  valvular 
disease  with  mitral  regurgitation,  five  cases  (9.8  per  cent.)  ;  myocardial 
degeneration  associated  with  exophthalmic  goiter,  adenoma  with  hyper- 
thyroidism and  chornic  endocardial  valvular  disease  with  aortic  regurgi- 
tation, and  stenosis,  each  two  cases  (3.9  per  cent.)  ;  and  finally, 
myocardial  degeneration  associated  with  arteriosclerosis  and  congenital 
heart  disease,  each  one  case  (2  per  cent). 

B.  Cardiac  Mortality.- — Forty  patients  have  been  traced  and  twenty- 
five  (62.5  per  cent.)  have  died  of  heart  disease  in  an  average  of  twelve 
and  seven-tenths  months.  Twelve  patients  (30  per  cent.)  are  Hving; 
two  are  improved,  seven  are  unchanged,  and  three  are  worse. 

In  the  control  series  thirty-nine  patients  have  been  heard  from  and 
eight  (20.5  per  cent.)  have  died  of  heart  disease.  Twenty-eight  (71.7 
per  cent.)  are  living,  ten  are  improved,  seventeen  are  unchanged,  and 
one  patient  is  worse.  This,  again,  is  an  instance  of  marked  difference 
in  cardiac  mortality. 

It  is  interesting  to  note  how  constant  the  cardiac  mortality  in  the 
control  series  runs. 

DISCUSSION 

There  can  be  no  question  with  regard  to  the  prognostic  importance 
of  significant  T  wave  negativity.  As  I  have  said,  the  effect  of  digitalis 
must  always  be  borne  in  mind  and  such  cases  of  T  wave  negativity 
are  inconstant  and  obviously  do  not  fall  in  the  category  of  the  types 
under  discussion.  One  is  impressed  with  the  constant  association  of 
significant  T  wave  negativity  and  clinical  evidence  of  serious  cardiac 
disease. 

I  wish  to  call  attention  again  to  Table  1  and  to  the  description  of 
clinical  types  of  heart  disease  which  clearly  depicts  the  dominance  of 
conditions  of  the  degenerative  type.  Foremost  among  them  is  the 
hypertension  group,  notorious  for  its  attendant  vascular  degeneration. 
Chronic  myocarditis  extensively  involving  the  musculature  of  the  heart 
unquestionably  affects  the  vascular  elements  of  the  organ.  Likewise 
angina  pectoris  is  constantly  associated  with  vascular  disease.  Aortic 
regurgitation  with  its  usual  attendant  aortitis  has  also  a  definite 
vascular  basis. 
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Significant  T  wave  negativity  in  all  probability  occurs  in  hearts 
involved  by  intrinsic  vascular  degeneration  of  the  obliterative  type.  All 
our  evidence  at  the  present  time  suggests  this  theme  and  is  based  on 
clinical,  pathologic,  and  experimental  study.  The  high  and  early  cardiac 
mortality  rate  attending  significant  T  wave  negativity  implies  a  pro- 
gressive disease  process  and  further  supports  the  foregoing  concept. 

Cardiac  histopathology  has  failed  miserably  in  attempting  to  explain 
and  to  clarify  diseases  of  the  myocardium.  Conclusions  have  been  based 
entirely  on  the  presence  or  absence  of  actual  tissue  changes  and  no 
attention  has  been  given  to  physiologic  abnormalities.  Only  a  few  years 
ago  a  controversy  arose  regarding  the  causation  of  a  certain  electro- 
cardiographic condition,  and  the  arguments  pro  and  con  were  based 
entirely  on  the  presence  or  absence  of  gross  and  microscopic  myo- 
cardial changes.  One  observer,  by  means  of  serial  sections,  demon- 
strated constant  lesions  in  the  heart  muscle  attending  his  bizarre  graphs, 
and  the  other,  by  the  same  means,  failed  to  find  the  tissue  changes. 
Both  sides  of  this  controversy  were  seeking  for  the  effect  and  not  for 
the  cause  of  the  graphic  anomalies,  and  we  have  many  reasons  to 
believe  that  a  careful  study  of  the  vascular  tree  of  the  heart  would 
have  resulted  in  agreement.  The  presence  of  actual  changes  in  the 
myocardium  certainly  is  not  necessarily  a  constant  finding  even  though 
intrinsic  vascular  disease  exists.  With  this  concept  in  mind  it  is  obvious 
that  physiologic  disturbances  may  often  precede  histopathologic  changes. 

SUMMARY 

The  cardiac  mortality  attending  significant  T  wave  negativity  is 
high  and  is  in  sharp  contrast  to  that  in  the  control  series.  In  order 
of  importance  the  cardiac  mortality  is  as  follows  : 

T  wave  negativity  in  combined  Derivations  I  and  II,  65.3  per  cent,  in  12.7 
months.    Control  series,  17.5  per  cent,  in  10.8  months. 

T  wave  negativity  alone  in  Derivation  I,  63.4  per  cent,  in  8.5  months.  Con- 
trol series,  26.8  per  cent,  in  2.4  years. 

T  wave  negativity  in  combined  Derivations  I,  II  and  III,  62.5  per  cent,  in 
12.7  months.    Control  series,  20.5  per  cent,  in  19.2  months. 

T  wave  negativity  in  combined  Derivations  II  and  III,  32.2  per  cent,  in  11.0 
months.     Control  series,  20.0  per  cent,  in  1.5  years. 

Total  of  significant  T  wave  negativity,  50.4  per  cent,  in  11.2  months.  Total 
of  control  series,  22.3  per  cent,  in  19.2  months. 


II.     ABERRATION     OF     THE     QRS     COMPLEX     IN     ALL     DERIVATIONS 
OF     THE     ELECTROCARDIOGRAM  * 

Aberrations  of  the  QRS  complex  of  the  electrocardiogram  involving 
all  derivations  have  been  the  subject  of  considerable  controversy.  The 
variance   of   views  has   largely   involved   histopathologic  issues.     The 
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observer  who  has  often  noted  this  electrocardiographic  abnormality  and 
has  correlated  his  graphic  and  clinical  data  is  impressed  with  the  gravity 
of  the  underlying  cardiac  disease. 

In  this  group  of  cases,  as  in  significant  T  wave  negativity,  an 
obliterative  intrinisic  vascular  basis  is  strongly  suggested. 

Aberration  of  the  Q  R  S  complex  of  the  electrocardiogram  is  char- 
acterized by  notching  of  the  apex,  ascending  or  descending  limb  and 
in  the  complex  of  unaltered  contour,  a  base  width  exceeding  0.10  second. 
The  bizarre  complex  of  high  amplitude  and  diphasic  in  form  is  ascribed 
to  bundle  branch  block  while  no  definite  localization  is  justifiable  in  the 
monophasic  complex  of  lower  amplitude. 


TABLE  1. — Cardiac  Mortality  with  Aberration  of  the  Q  R  S  Complex 
IN  All  Derivations 
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i  have  previously  emphasized  ^  the  constant  association  of  this 
graphic  abnormality  with  serious  and  advanced  heart  disease  and  have 
shown  the  high  and  early  cardiac  mortality,  occurring  in  this  group. 
The  cases  presented  were  associated  in  many  instances  with  significant 
T  wave  negativity,  but  those  cases  have  not  been  included  in  this  report. 

This  study  comprises  112  cases  covering  a  period  of  five  and  one- 
half  years.  The  control  series  has  been  compiled  based  on  the  same 
conditions  as  in  the  foregoing  study. 

A.  Clinical  Types  of  Heart  Disease  (112  Cases). — Chronic  myo- 
carditis occurred  with  greatest  frequency,  twenty-nine  cases  (25.9  per 
cent.).  The  other  clinical  types  of  heart  disease  in  order  of  frequency 
were  the  myocardial  degeneration  associated  with  hypertension,  seventeen 
cases  (\S.2  per  cent.)  ;  myocardial  degeneration  associated  with  arterio- 
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sclerosis,  fifteen  cases  (13.4  per  cent.)  ;  angina  pectoris,  chronic  endo- 
cardial valvular  disease  with  mitral  regurgitation,  and  aortic  regurgita- 
tion, each  ten  cases  (8.9  per  cent.)  ;  myocardial  degeneration  associated 
with  adenoma  with  hyperthyroidism,  nine  cases  (8  per  cent.)  ;  exoph- 
thalmic goiter,  seven  cases  (6.3  per  cent.)  ;  chronic  endocardial  valvular 
disease  with  mitral  regurgitation  and  stenosis,  three  cases  (2.7  per 
cent.),  and  finally,  chronic  endocardial  valvular  disease  with  mitral 
stenosis,  two  cases  (1.8  per  cent.).  It  is  quite  evident  that  degenerative 
diseases  also  dominate  this  group. 

B.  Cardiac   Mortality. — Information   has   been   obtained   regarding 
eighty-one  patients  and  fifty-one   (62.9  per  cent.)   have  died  of  heart 

TABLE  2. — Control  Series 
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disease  in  an  average  of  fourteen  and  two-tenths  months.  Twenty- 
seven  (33.3  per  cent.)  patients  are  living  and  of  these,  six  are  improved, 
fifteen  are  unchanged,  and  six  are  worse  (Table  1). 

In  striking  rehef  to  these  averages  are  the  results  of  the  control 
series.  Sixty-five  patients  have  been  heard  from,  and  only  fourteen 
(21.5  per  cent.)  have  succumbed  to  heart  disease  in  an  average  of 
thirteen  and  seven-tenths  months.  Forty-five  (69.2  per  cent.)  are 
alive;  fourteen  are  improved,  twenty-eight  are  unchanged,  and  three 
are  worse  (Table  2). 

DISCUSSION 

The  great  difference  in  cardiac  mortality  between  cases  exhibiting 
aberration  of  the  Q  R  S  complex  in  all  derivations  of  the  electrocardio- 
gram and  identical  clinical  types  of  cardiac  disease  in  which  this  graphic 
abnormality  does  not  exist  is  convincing.  The  only  justifiable  criticism 
that  is  apparent  to  me  is  the  reliability  of  the  control  series.    In  Study  I, 
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I  have  defined  the  criteria  for  all  the  control  groups  and  have  shown 
that  in  all  respects  except  an  accurate  sex  agreement  the  controls  were 
identical  case  for  case  exclusive,  of  course,  of  the  electrocardiographic 
changes  under  discussion. 

The  early  and  high  mortality  is  indicative  of  a  progressive  process 
and,  as  previously  stated,  favors  the  concept  of  obliterative  intrinsic 
vascular  disease. 

SUMMARY 

The  cardiac  mortality  attending  aberration  of  the  Q  R  S  complex 
in  all  derivations  of  the  electrocardiogram  practically  trebles  that  of  the 
control  series. 

Aberrant  Q  R  S  complexes  in  all  derivations,  cardiac  mortality,  62.9  per 
cent,  in  14.2  months. 

Control  series,  cardiac  mortality,  21.3  per  cent,  in  13.7  months. 

Note. — No  attempt  has  been  made  to  record  a  complete  bibliography  dealing 
with  aberration  of  the  Q  R  S  complex  as  the  pros  and  cons  of  the  arguments 
regarding  this  abnormality  are  already  recorded  in  most  of  the  previous  publi- 
cations dealing  with  this  subject. 


III.     STGNIFICANT     T     WAVE     NEGATIVITY     AND     ABERRATION     OF     THE 

Q  R  S     COMPLEX     IN     ALL     DERIVATIONS     OF     THE 

ELECTROCARDIOGRAM 

The  foregoing  studies  have  emphasized  the  prognostic  importance 
of  significant  T  wave  negativity  and  of  aberration  of  the  Q  R  S  complex 
occurring  in  all  derivations  of  the  electrocardiogram.  This  study  is  of 
cases  in  which  these  graphic  abnormalities  occurred  together.  With  the 
preceding  statistics  in  mind  it  is  reasonable  to  anticipate  a  greater 
cardiac  mortality  in  this  study.  Patients  exhibiting  both  electrocardio- 
graphic abnormalities  generally  have  more  marked  subjective  and  objec- 
tive evidence  of  cardiac  damage  than  those  in  whom  these  graphic 
changes  occur  separately. 

One  hundred  and  thirty-five  cases  are  included  in  this  study  which 
covers  a  period  of  five  and  one-half  years. 

The  control  groups  are  based  on  the  criteria  of  those  in  the  preceding 
groups. 

t    wave    negativity    alone    in    derivation    i    and    aberration 
of   the    o  r  s    complex    in    all   derivations 
(ninety    cases) 
A.  Clinical  Types  of  Heart  Disease. — The  myocardial  degeneration 
associated  with  hypertension  occurred  with  greatest  frequency,  thirty- 
five  cases   (38.9  per  cent.).     The  other  types  in  order  of   frequency 
were  chronic  myocarditis,  twent3'-two  cases   (24.4  per  cent.)  ;  chronic 
endocardial  valvular  disease  with  aortic  regurgitation,  eight  cases  (8.9 
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per  cent.)  ;  angina  pectoris,  seven  cases  (7.8  per  cent.)  ;  myocardial 
degeneration  associated  with  arteriosclerosis  and  chronic  endocardial 
valvular  disease  with  mitral  regurgitation,  each  five  cases  (5.6  per 
cent.)  ;  adenoma  with  hyperthyroidism,  four  cases  (4.4  per  cent.)  and 
exophthalmic  goiter,  one  case  (1.1  per  cent.). 

B.  Cardiac  Mortality. — Information  regarding  seventy-three  patients 
has  been  received  and  sixty-three  (86.3  per  cent.)  have  died  of  heart 
disease  in  an  average  of  eight  and  four-tenths  months  following  exami- 
nation. Seven  patients  (9.5  per  cent.)  are  alive  and  of  these  two  are 
improved,  two  are  unchanged,  and  three  are  worse  (Table  1). 

The  control  group  sharply  contrasts  this  mortality.  Sixty  patients 
have  been  heard  from  and  eighteen  (30  per  cent.)  have  succumbed  to 
heart  disease  in  an  average  of  twenty-one  and  four-tenths  months 
following  examination.  Thirty-eight  (63.3  per  cent.)  are  living  and 
eleven  report  their  condition  improved,  twenty-two  unchanged,  and 
five  worse  (Table  2). 

t    wave    negativity    in    combined    derivations    i    and    ii    and 

aberration    of    the    qrs    complex    in    all   derivations 

(twenty-three    cases) 

A.  Clinical  Types  of  Heart  Disease. — Myocardial  degeneration  asso- 
ciated with  hypertension  again  is  an  outstanding  condition,  twelve 
cases  (52.2  per  cent.).  The  other  clinical  types  in  order  of  frequency 
are  chronic  myocarditis  and  chronic  endocardial  valvular  disease  with 
aortic  regurgitation  each,  three  cases  (13  per  cent.);  angina  pectoris 
and  chronic  endocardial  valvular  disease  with  mitral  regurgitation  each, 
two  cases  (8.7  per  cent.),  and  aortic  aneurysm,  one  case  (4.3  per  cent.). 

B.  Cardiac  Mortality. — Twenty  patients  have  been  traced  and  all 
but  one  have  died  of  heart  disease  (95  per  cent.)  in  an  average  of 
eight  and  one-half  months  following  examination.  The  surviving 
patient  (5  percent.)  is  worse  (Table  1). 

In  the  control  group  facts  regarding  sixteen  patients  have  been 
received.  Three  (18.7  per  cent.)  have  died  of  heart  disease  in  an 
average  of  six  and  seven-tenths  months  following  examination.  Of 
the  nine  living  patients  (56.2  per  cent.)  six  are  unchanged  and  three 
are  worse  (Table  2). 

T     wave     negativity     IN     COMBINED     DERIVATIONS     II     AND     III 

AND     ABERRATION     OF     THE     QRS     COMPLEX     IN     ALL 

DERIVATIONS      (SEVENTEEN      CASES) 

A.  Clinical  Types  of  Heart  Disease. — Chronic  myocarditis  occurred 
with  greatest  frequency,  five  cases  (29.4  per  cent.).     The  other  types 
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TABLE  1. — Cardiac  Mortality   with    Significant  T   Wave  Negativity   and 
Aberration  of  the  Q  R  S  Complex  in  All  Derivations 
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TABLE  2. — Control  Series 
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were  myocardial  degeneration  associated  with  hypertension  and  angina 
pectoris,  each  three  cases  (17.6  per  cent.)  ;  chronic  endocardial  valvular 
disease  with  mitral  regurgitation  and  with  aortic  regurgitation,  each  two 
cases  (11.8  per  cent.),  and  myocardial  degeneration  associated  with 
arteriosclerosis  and  chronic  endocardial  valvular  disease  with  mitral 
regurgitation  and  stenosis,  each  one  case  (5.9  per  cent.). 

B.  Cardiac  Mortality. — Fifteen  patients  have  been  heard  from  and 


TABLE  3. — Summary  of  the  Mortality  Statistics  in  Groups  1,  2  and  3 
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eleven  (7?).Z  per  cent.)  have  died  of  heart  disease  in  one  and  nine-tenths 
years  following  examination.  Four  patients  (26.6  per  cent.)  are  living 
and  one  is  improved,  two  are  unchanged,  and  one  is  worse  (Table  1). 
Fifteen  patients  in  the  control  group  have  been  heard  from  and 
four  (26.6  per  cent.)  have  died  of  heart  disease  in  an  average  of 
thirteen  and  one-half  months  following  examination.  Nine  patients 
are  living  (60  per  cent.),  three  are  improved,  four  are  unchanged,  and 
two  are  worse  (Table  2). 
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T     WAVE     NEGATIVITY     IN     COMBINED     DERIVATIONS     I,     II,     AND     III 

AND     ABERRATION     OF     THE     Q  R  S     COMPLEX     IN     ALL 

DERIVATIONS      (fIVE     CASES ) 

This  group  is  too  small  to  be  of  statistical  value  but  is  presented 
to  maintain  continuity  of  data. 

A.  Clinical  Types  of  Heart  Disease. — Myocardial  degeneration  asso- 
ciated with  hypertension  occurred  in  two  cases  (40  per  cent.)  and  chronic 


TABLE  4. — Summary  of  the  Mortality  Statistics  of  the  Control  Series 
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myocarditis,  angina  pectoris,  and  chronic  endocardial  valvular  disease 
with  aortic  regurgitation,  each  one  case  (20  per  cent.). 

B.  Cardiac  Mortality. — All  patients  have  been  traced  and  all  have 
died  of  heart  disease  (100  per  cent.),  in  an  average  of  eleven  and  one- 
tenth  months  following  examination  (Table  1). 

Four  patients  in  the  control  series  have  been  heard  from  and  no 
cardiac  deaths  are  recorded.  Two  patients  are  alive  and  report  their 
condition  unchanged  (Table  2). 
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The  high  and  early  cardiac  mortaHty  attending  significant  T  wave 
negativity  associated  with  aberration  of  the  Q  R  S  complex  in  all 
derivations  is  apparent.  The  association  of  these  electrocardiographic 
abnormalities  is  an  index  of  marked  myocardial  involvement  and  is 
attended  by- the  greatest  mortality  in  the  three  studies. 

SUMMARY 

The  cardiac  mortality  attending  significant  T  wave  negativity  and 
aberration  of  the  Q  R  S  complex  in  all  derivations  in  order  of  importance 
as  revealed  in  this  study  was : 

T  wave  negativity  in  combined  Derivations  I,  II  and  III  and  aberration  of 
the  Q  R  S  complex  in  all  derivations,  86.7  per  cent,  in  12.7  months.  Control 
series,  0. 

T  wave  negativity  in  combined  Derivations  I  and  II  and  aberration  of  the 
Q  R  S  complex  in  all  derivations,  95.0  per  cent,  in  8.5  months.  Control  series, 
18.7  per  cent,  in  6.7  months. 

T  wave  negativity  alone  in  Derivation  I  and  aberration  of  the  Q  R  S  com- 
plex in  all  derivations,  86.3  per  cent,  in  8.4  months.  Control  series,  30.0  per 
cent,  in  21.4  months. 

T  wave  negativity  in  combined  Derivations  II  and  III  and  aberration  of  the 
Q  R  S  complex  in  all  derivations,  73.3  per  cent,  in  22.8  months.  Control  series, 
26.6  per  cent,  in  13.5  months. 

Total  of  group.  86.7  per  cent,  in  12.7  months.  Control  series,  26.3  per  cent,  in 
13.9  months. 

Tables  3  and  4  have  been  constructed  to  summarize  the  mortality 
statistics  of  the  three  groups.  From  the  standpoint  of  prognosis  the 
electrocardiographic  abnormalities  rank  in  order  of  importance  as  fol- 
lows: (1)  significant  T  wave  negativity  associated  with  aberration  of 
the  Q  R  S  complex  in  all  derivations  of  the  electrocardiogram  (group 
cardiac  mortality  86.7  per  cent,  in  twelve  and  seven-tenths  months)  ; 
(2)  aberration  of  the  Q  R  S  complex  in  all  derivations  of  the  electro- 
cardiogram (group  cardiac  mortality  62.9  per  cent,  in  fourteen  and 
two-tenths  months),  and  (3)  significant  T  wave  negativity  (group 
cardiac  mortality  50.4  per  cent,  in  eleven  and  two-tenths  months). 

These  statistics,  I  hope,  will  help  to  allay  the  scepticism  of  some 
cardiologists  regarding  the  significance  of  the  electrocardiographic 
disorders  under  discussion.  The  recognition  of  these  graphic  changes 
alone,  I  believe,  justifies  the  use  of  the  electrocardiograph  as  a  most 
valuable  and  important  clinical  adjunct. 


CLINICAL     STUDIES     OF     QUINIDIN 

II.     ALTERATIONS     IN     THE     CARDIAC     MECHANISM     AFTER     ADMINISTRA- 
TION   OF    QUINIDIN    TO    PATIENTS    WITH    AURICULAR    FIBRILLATION 
WITH      CONSIDERATION     OF     CERTAIN     TOXIC     EFFECTS     OF 
THE     DRUG  * 

ROBERT    L.    LEVY,    M.D. 

NEW     YORK 

During  the  past  four  years,  sufficient  evidence  has  been  accumulated 
to  indicate  that  in  a  certain  number  of  patients  suffering  from  fibrilla- 
tion of  the  auricles  (about  50  per  cent.),  oral  administration  of  quinidin 
sulphate  serves  to  restore  the  normal  cardiac  rhythm.  The  circum- 
stances which  determine  the  issue  are  not  yet  altogether  clear.  A 
summary  of  the  earlier  literature,  together  with  a  preliminary  report 
dealing  with  the  treatment  of  four  cases  in  the  Hospital  of  the 
Rockefeller  Institute,  has  already  appeared.^ 

The  results  of  experiments  done  in  this  Hospital  to  determine  the 
pharmacologic  action  of  this  drug  have  likewise  been  reported.^  It 
is  the  purpose  of  the  present  communication  to  record  in  detail  the 
alterations  in  the  mechanism  of  the  heart's  action  which  have  been 
observed  in  the  first  eleven  patients  to  whom  quinidin  has  been  admin- 
istered.^ A  more  detailed  report  of  the  experimental  studies  will 
appear  shortly.  A  discussion  of  the  clinical  aspects  of  quinidin  therapy 
is  reserved  for  a  subsequent  paper  in  which  a  larger  material  will 
be  considered.* 

MATERIAL     AND     METHOD 

Five  hundred  and  seven  electrocardiograms,  taken  of  eleven  patients, 
have  been  measured  and  analyzed.  The  cases  represent  an  unselected 
material.  They  have  been  under  observation  prior  to  treatment  for 
periods  ranging  from  one  month  to  one  and  a  half  years,  and  are 
known  to  have  been  fibrillating   for  at   least  these  periods  of   time. 


*  From  the  Hospital  of  the  Rockefeller  Institute  for  Medical  Research. 

*  Presented  in  abstract  before  the  New  York  Academy  of  Medicine,  Nov. 
17,  1921 

1.  Levy,  R.  L. :  Restoration  of  the  Normal  Cardiac  Mechanism  in  Auricular 
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3.  A  preliminary  account  of  this  study  was  published  in  the  Proc.  Soc.  Exper. 
Biol.  &  M.  19:88,  1921. 

4.  In  this  paper  will  be  considered  the  symptoms  attendant  on  administration 
of  the  drug,  the  duration  of  its  action,  the  effects  of  altered  rhythm  on  vital 
capacity  and  heart  size  as  determined  teleroentgenographically,  the  relation- 
ship between  digitalis  and  quinidin  therapy,  etc. 
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After  a  preliminary  dose  of  from  0.2  to  0.4  gm.  quinidin  to  test  for 
the  presence  of  an  idosyncrasy  to  members  of  the  cinchona  group, 
0.4  gm.  of  the  drug  has  been  given  by  mouth,  in  gelatin  capsules, 
either  three  times  daily  or  every  two  hours,  until  the  establishment 
of  normal  rhythm  or  the  appearance  of  untoward  symptoms  indicated 
cessation  of  therapy.  No  more  than  2  gm.  quinidin  was  administered 
in  twenty-four  hours,  though  treatment  has  been  continued  daily  for 
as  long  as  ten  days. 

Electrocardiograms  were  taken  in  some  instances  as  often  as  every 
five  minutes  during  the  time  when  a  change  of  rhythm  was  anticipated. 
Usually  curves  were  made  at  one  or  two  hour  intervals  on  the  days 
on  which  the  drug  was  given  and  at  least  once  daily  throughout 
the  entire  period  of  observation.  The  usual  three  limb  leads  were 
employed.  Records  made  in  this  fashion  do  not  always  permit  of 
accurate  measurement  of  auricular  rate  when  the  auricles  are  fibril- 
lating.  References  to  rate,  therefore,  unless  otherwise  specified,  are 
to  be  taken  as  indicating  the  number  of  ventricular  beats  per  minute. 

RESULTS 

The  results  of  this  electrocardiographic  study  are  of  interest  in 
illustrating  the  great  variety  of  alterations  in  the  mechanism  of  the 
heart's  action  which  may  be  induced  by  quinidin.  They  have,  further- 
more, a  significance  for  clinical  medicine  in  so  far  as  they  indicate  the 
manner  in  which  the  transition  from  fibrillation  to  normal  rhythm 
may  be  expected  to  occur.  But  of  paramount  importance  is  the  signifi- 
cance attached  to  various  toxic  effects  which  have  been  observed,  as 
evidenced  by  the  occurrence  of  rhythms  usually  associated  with  poison- 
ing of  the  heart  muscle.  It  is  particularly  desirable  that  those  concerned 
with  the  care  and  treatment  of  patients  with  heart  disease  should  be 
familiar  with  the  signs  and  dangers  of  quinidin  intoxication. 

For  the  purpose  of  discussion,  the  eleven  cases  naturally  fall  into  two 
groups:  (1)  three  patients,  in  whom,  on  different  occasions,  the  normal 
mechanism  was  restored  nine  times,  and  who,  in  all,  received  twelve 
courses  of  quinidin;  (2)  eight  patients,  in  whom  restoration  of  the 
normal  mechanism  was  not  accomplished  and  who  received,  in  all, 
eleven  courses  of  quinidin.     Detailed  case  records  are  appended. 

CASES     IN     WHICH     THE     NORMAL     RHYTHM     WAS     RESTORED 

Sequence  of  Events. — In  order  to  learn  in  what  sequence  the  various 
changes  in  cardiac  mechanism  occurred,  detailed  analyses  of  all  electro- 
cardiograms were  chronologically  charted.  A  summary  of  the  findings 
is  given  in  Table  1. 

The  first  effect  noted  was  usually  acceleration  of  ventricular  rate. 
On  the  other  hand  when  the  rate  was  initially  ver\^  rapid    (Case   1, 
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Courses  2,  3  and  4),  the  drug  caused  a  reduction  in  the  number  of 
ventricular  contractions.  Alterations  in  rate  occurred  in  from  one  to 
three  hours  after  beginning  treatment.  Tachycardia  was  followed  at 
times  by  the  appearance  of  premature  beats,  arising  more  commonly 
in  the  right,  but  occasionally  in  the  left  ventricle.  The  ectopic  ven- 
tricular contractions  were  frequently  transitory  (Cases  1  and  2),  but 
in  one  case  (Case  3),  they  were  the  precursors  of  paroxysms  of  ven- 
tricular tachycardia,  to  which  particular  reference  will  be  made  later. 
If  electrocardiograms  were  taken  at  sufficiently  frequent  intervals,  the 
transitional  mechanisms  in  the  common  order  of  their  appearance  were: 
coarser  fibrillation,  that  is  to  say,  waves  in  the  electrocardiogram  having 
a  higher  voltage  and  denoting  retardation  of  auricular  rate ;  ^  impure 
auricular  flutter;*^  auricular  flutter,  and  finally,  normal  rhythm  (Fig. 
4).  •  This  sequence  was  not  invariably  exhibited  in  all  its  phases  and 
it  is  possible  that  one  or  more  of  the  intermediate  mechanisms  may 
be  omitted. 

Transition.- — In  one  patient  the  transition  from  auricular  flutter  to 
the  normal  rhythm  was  photographed  in  the  second  lead  (Fig.  5).  The 
abruptness  of  the  change  is  remarkable.  The  first  twelve  interauricular 
intervals  in  the  curve  range  from  0.2180  to  0.2580  second  (Table  2) 
with  maximum  variation  of  0.04  second.  The  corresponding  phases 
of  successive  cycles  are  strikingly  uniform  in  contour.  The  maximum 
variation  in  interventricular  intervals  is  0.0240  second."  There  follows 
a  period  of  altering  auricular  activity,  denoted  by  the  next  seven 
P  waves,  which  exhibit  increasingly  greater  deviations  from  the  usual 
form.     The  interauricular  intervals  are,  on  the  whole,  longer  than  in 


5.  Drury,  A.  N.,  and  Iliescu,  C.  C. :  The  Restoration  of  the  Normal  Cardiac 
Mechanism  in  Cases  of  Auricular  Fibrillation  by  Means  of  Quinidin  Sulphate, 
Brit.  M.  J.  7:511  (Oct.  1)  1921.  These  authors,  by  use  of  direct  chest  leads, 
have  secured  records  in  which  accurate  counts  of  auricular  rate  were  possible 
and  have  noted  progressive  retardation  after  quinidin. 

6.  By  impure  auricular  flutter  is  meant  a  mechanism  in  which  auricular 
(P)  waves  are  present,  but  in  which  they  are  somewhat  irregularly  spaced 
and  of  varying  contour,  in  contradistinction  to  the  regularity  of  interauricular 
intervals  and  constancy  of  form  of  corresponding  P  waves  in  pure  flutter.  It 
is  to  be  regarded  as  intermediate  between  auricular  fibrillation  and  flutter. 

7.  Lewis,  T.,  in  speaking  of  the  lengths  of  auricular  cycles  in  auricular 
flutter,  states  that  "the  maximal  variation  of  the  cycles  in  the  same  curves  is 
usually  less,  probably  considerably  less  than  0.01  second ;  probably  it  may 
amount  to,  but  does  not  materially  exceed,  0.02  second  on  occasion.  It  seems 
advisable  that  the  term  auricular  flutter  should  be  confined  to  disorders,  be 
they  clinical  or  experimental,  in  which  comparable  variations  in  the  lengths  of 
auricular  cycles  are  found  not  to  be  exceeded."  Heart  7:127,  1920.  These 
statements  are  based  on  measurements  of  the  curves  of  seven  cases  of  flutter, 
in  which  interventricular,  not  interauricular  intervals  were  determined.  In 
one  of  these  cases  the  maximal  variation  in  interventricular  intervals  was 
0.0265  second.  A  discussion  of  the  validity  of  Lewis'  criteria  is  not  within  the 
scope  of  this  paper.  There  seems  no  reason  to  doubt  that  the  curve  shown 
in  Figure  5  is  a  record  of  auricular  flutter. 


Ai 

ly     dlgltal- 
to    quinldin 
on;       A  PC 
fter     onset 
•hythm 
digitallzcd; 
rate  185  be- 
in    adininis- 
PO      agiiin 

c  .. 
(-■  B 

ait 

o 

c  o 

•6 
c 

1 

a 
c 

c 

(3 

ter  onset  of 
ythni;      im- 
•   intervened 
mal  rhythm 
Dn  to  fibril 

a 

a 

03 

t 

?  1 

a  5  03 

c  >  o 
a  t- 

a 
E 

a 

C3 

o 

a 

c 

a 
a 

£ 

a 

03 

1 

r   s""      ■c< 

■w  «T3  ft-ij-s  ^  O  t- 
a^  cs  05  o  =^  P't-i*' 

■c  t- 

ftC 
S3  C 

o  a 
SOS 

a 
o 

o 
II 

>2 

i-o 

£ 

■sl-c?! 

«  =  5     S^ 

c  ao  3  aS  a 
p  o  c  n^  c3 

d 
o 

al 

o 

SO 

< 

a     > 

M       03  "^  u 

a 

o 

a 

Z  c 

—  T.  c 

-  S  a  3 

:    © 

3  « 

««« 

:    + 

rl 









<^ 

!    ''^ 

1 

,  o 

wg 

■ 

:    + 

•    /-^ 

^^ 

•      so 

CO 

>H 

:    + 

+ 

1 

O          ' 

5C                            00 

■^ 

lO 

SC 

?4              ' 

^-' 

'"' 

'.        ^"^ 

<       ! 

-r                 -f 

+ 

+ 

-t- 

-*- 

:    + 

B 

ij 

la 

■w 

LA 

C 

o 

— 

"-^ 

6 

> 

+ 

:    + 

+ 

+ 

< 

> 

-r                 + 

;      j- 

4- 

+ 

c 

^ 

~^ 

^_^ 

^^ 

^^^ 

/-v 

^^ 

'5 

^                 £« 

O) 

o: 

s 

CO 

53 

^^ 

"^^ 

•      ""^ 

^•^ 

■g 

+                 -f- 

+ 

+ 

+ 

+ 

+ 

:    + 

+ 

li 

zH 

^^ 

^^ 

^^ 

^^ 

c 

a 

ej. 

ti  s- 

—  K 

f=H*" 

;                -t- 

-f 

+ 

+ 

:    ^ 

CO 

i^ 

:    + 

+ 

+ 

^ 

^^ 

^^ 

ll 

co                 •* 

^ 

•     CO 

w 

+                -f 

+ 

:    + 

+ 

c^ 

1 

a) 

. 

.  1 

CO     . 

. 

^-J3 

X  — 

cPh 

■ 

1  o 

CO 

'.                "^ 

03 

* 

C 

:            -+- 

t 

—            -^ 

"^ 

^^ 

^_^ 

^ 

— ^ 

^ 

»(^                       cc 

« 

in 

m 

lO 

oc 

H 

■*-' 

*-^ 

^^ 

a 
o 

+            + 

-t- 

+ 

+ 

-T- 

+ 

:    + 

+ 

t. 

IS                            ■«• 

CO 

•» 

S 

r. 

•    ")• 

•  1 

s 

9                9 

CO                            C^ 

d 

9 

<o 

9 

1 

:    d 

^ 

I-H 

:    S 

<N 

j 

d                 d 

d 

d 

d 

d 

d 

•     d 

d 

.»_ 

CI 

CO 

-* 

^— '                 >-• 

^—' 

^-' 

■'--' 

^- 

—'' 

^■^ 

« 

+         1 

1 

1 

+ 

1 

1 

:    + 

1 

+ 

^ 

5  a 

;3 

^^ 

5 

;3 

< 

>  c 

< 

1 

>  t;  a  = 
3J2a 
< 

3  fc:      =: 

< 

L« 

g°l" 

S  B  £  « 

5C                               »-l 

f^ 

.H 

,^ 

e^ 

CH 

,-1 

1-^      r* 

la 

r^ 

Q=;co 

■"-s; 

ji. 

ods 

«                               *>. 

■V 

-0< 

*i 

» 

00 

■* 

ej      •* 

•* 

CO 

(§■00 

■W                                  — 

d 

- 

'^ 

'"' 

d 

d 

r-<        00 

«e> 

"^ 

O 

OJ.  «    . 

6-1..2  , 

"is 

B  tifl 

"  ■*'  no 

■.S  s« 

Co  t- 
03  j:  "^ 

*  --a  S  « 
ij.SSS  a  a 
a.tec"-.2 

©■o  — ■c  " 

-"  •  -  g  ^  « 
.«  i2  ii  a  a 

OT3_'C  " 

t-  t.  -  c 

»-•*-.  c3  a 

-a  «  (-1  03 

■a  03  tH  c3 

C) 

QU- 

ST:a« 

?? 

^ 

00 

=5  n  o  o 

I— 1  X 

<nS 

CO  j5 

O 

=kZ 

« 

^ 

" 

1 

3  ►«  cj 
>'f2 
■g^«  . 
K-a  fc.a 

o!  ^  «  « 

3  03 '5^ 
•r   3  03  4, 

Xcc  II 


a 

4, 

n 

!=> 

j: 

J , 

c 

M- 

u 

— 

a 

■o 

> 

a 

n 

0 

■a 

■^ 

f 

a 

a 

— 

^ 

o 

c 

1. 

&a 

s 

M 

o 

0. 

n 

03 

AC. 

>. 

s^ 

a 

u 

"^^  2 


a  a  CD 

o  o  a 


at      a  a 
cj       O  O  n 

C3  Of  O  W 

a-5r-Sf 

■0=0  Si 

S'  -r-  -  t  ■•-> 

QQ  t  a.  a 

m       cs  33 

o!ii  i;  5  fi 
•>^aa5 
o  3  «  «*  S 

g 9 

>>3 


LEVY— QU  INI  DIX 


455 


the  group  immediately  preceding,  and  range  from  0.2280  to  0.2860 
second,  with  maximum  variation  of  0.0580  second.  There  is  coinci- 
dently  gradual  widening  of  the  interventricular  periods.  Then  comes 
a  relatively  long  asystole  of  both  auricles  and  ventricles  and  this  is 
followed  by  prompt  resumption  of   the   sinus  rhythm. 

A  consideration  of  the  manner  in  which  the  transition  occurs  is 
of  some  interest  in  relation  to  the  theoiy  that  a  circus  excitation  is 
the  nature  of  the  disturbed  mechanism  at  the  basis  of  fibrillation  and 
flutter  of  the  auricles.  According  to  this  concept,  first  clearly  defined 
by  A.  G.  Mayer,  working  with  the  umbrella  of  the  jelly  fish,  developed 
and  demonstrated  in  heart  muscle  by  Garrey  and  by  Mines,  and  more 
recently  elaborated  and  applied  to  human  physiology  by  Lewis,  cessa- 


TABLE   2. — Measurement   of    Electrocardiogram    (Lead    II)    Showing 
Transition    from   Auricular   Flutter   to   Normal   Rhythm  * 


Interauricular 

Interventricular 

P-R  Time, 

Cardiac  Mechanism 

Intervals, 

Intervals, 

Second 

Second 

Second 

Auricular  flutter 

0.2324 
0.2510 

0.4520 

0.2260 

0.2360 

0.4760 

0.2180 

0.2288 

0.4608 

0.2200 

0.2230 

0.4606 

0.2212 

0.2210 

0.4530 

0  2580 

0.2210 

0.4558 

Altering  auricular  activity 

0.2455 

0.2362 

0.4936 

0.2280 

0.2860 

0.5760 

0.2610 

0.2420 

0.6310 

Transition 

1.0889 
0.7720 

1.0349 
0.7752 

Normal  rhythm 

0.1696 

0.8200 

0.8256 

0.1632 

0.8450 

0.8456 

0.1640 

0.8594 

0.8610 

0.1620 

*  Measurements  were  made  with  the  use  of  a  projection  apparatus. 

tion  of  auricular  fibrillation  or  flutter  may,  on  theoretic  grounds,  be 
induced  in  three  ways:  (1)  by  lengthening  the  path  of  the  excitation 
wave  in  the  auricle ;  (2)  by  accelerating  the  rate  of  conduction  of  the 
impulse  through  the  auricular  muscle;  (3)  by  lengthening  the  refractory 
period  of  this  muscle.  It  is  clear  from  the  electrocardiogram  shown 
in  Figure  5,  that  immediately  before  and  during  the  transition  the 
excitation  wave  is  traversing  a  dift'erent  path  from  that  travelled 
during  the  preceding  period  of  flutter;  for  the  P  waves  alter  in  form. 
They  are,  moreover,  irregularly  and  more  widely  spaced.  To  which 
of  the  three  conceivable  causes  just  mentioned  this  change  may  be 
ascribed,  it  is  not  possible  definitely  to  establish.  It  is  known,  how- 
ever, that  in  the  dog's  heart,  quinidin  retards  the  rate  of  conduction 
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of  the  impulse  through  the  muscle  of  the  auricle  and  prolongs  the 
refractory  period. ^'^  It  furthermore  raises  the  threshold  of  excitability 
of  the  auricle,  so  that  a  faradic  current  adequate  to  induce  fibrilla- 
tion prior  to  the  injection  of  quinidin  does  not  suffice  to  cause  the 
arrhythmia  after  the  drug  has  been  given.^  It  is  probable  that  the 
resultant  of  these  effects  determines  whether  cessation  of  fibrillation 
takes  place.  Slowing  of  the  conduction  rate  may  be  regarded  as 
exerting  an  unfavorable  or  negative  effect  in  arresting  the  circus  move- 
ment, whereas  the  raised  threshold  of  excitability  and  more  particularly, 
lengthening  of  the  refractory  period,  exercise  a  favorable  or  positive 
effect  in  promoting  this  result.  The  decreased  rate  of  the  flutter  waves 
in  this  instance  at  all  events  indicates  that  probably  a  longer  path, 
perhaps  at  a  slower  rate,  was  traversed  by  the  excitation  wave.  The 
alteration  in  path  may  have  been  necessitated  by  an  increase  in  the 
refractory  period. 

After  the  resumption  of  normal  rhythm,  the  auricular  waves,  though 
distinct,  showed  at  times  decided  variations  both  in  contour  and  voltage. 
Evidence  of  such  change  in  the  P  waves  (Fig.  5)  in  Cycles  14  and  39 
is  striking.  There  is  apparently  still  a  tendency  for  the  impulse  to 
be  initiated  at  a  point  other  than  at  the  sinus  node  or  to  traverse  an 
unusual  and  sinuous  path  in  its  course  through  the  auricle. 

Ectopic  Beats;  Auricular  Tachycardia;  Sino-Auricular  Block. — 
Ectopic  auricular  contractions  were  observed  in  all  three  cases  at 
times  after  the  normal  mechanism  was  resumed.  Their  occurrence 
points  to  the  persistent  presence  of  a  point  of  origin  away  from  the 
sinus  node,  and  probably  within  the  musculature  of  the  auricle.  Addi- 
tional evidence  strengthening  the  belief  that  there  is  disturbance  in 
both  initiation  and  propagation  of  the  impulse  through  the  auricle  in 
individuals  suffering  from  atrial  fibrillation  is  afforded  by  Case  3, 
in  which,  during  the  brief  period  in  which  normal  rhythm  was  main- 
tained, sino-auricular  block  and  paroxysms  of  ectopic  auricular  tachy- 
cardia occurred   (Fig  6). 

When  auricular  premature  beats  became  numerous,  these,  as  well 
as  ectopic  ventricular  contractions,  could  be  abolished  by  the  further 
administration  of  quinidin  (Case  1,  fifth  course;  Fig.  3).  It  is  to  be 
noted  that  the  ventricular  premature  beats  disappeared  earlier  than 
those  arising  in  the  auricle.^ 


8.  Lewis,  T. ;  Drury,  A.  N. ;  Iliescu,  C.  C,  and  Wedd,  A.  M. :  Observitions 
Relating  to  the  Action  of  Quinidin  on  the  Dog's  Heart,  with  Special  Reference 
to  Its  Action  on  Clinical  Fibrillation  of  the  Auricles,  Heart  9:55,  1921. 

9.  We  have  since  had  occasion  to  test  the  effect  of  quinidin  in  patients 
showing  no  disturbance  in  rhythm  other  than  ectopic  beats  arising  either  in 
auricles  or  ventricles.  In  certain  of  these  individuals,  the  undisturbed  normal 
mechanism  can  be  restored  and,  if  desired,  maintained  by  proper  quinidin 
dosage. 
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Rate. — On  the  day  on  which  normal  rhythm  was  established,  the 
ventricular  rate  usually  ranged  from  80  to  90  and  on  the  following 
day  from  60  to  70,  subsequently  remaining  at  or  about  this  level  during 
the  period  in  which  the  sequential  rhythm  prevailed.  When  the  transi- 
tion from  the  normal  rhythm  to  fibrillation  or  flutter  took  place,  there 
was  correspondingly  a  gradual  acceleration  of  rate,  a  level  eventually 
being  reached  in  the  course  of  twenty-four  hours  at  which  the  ven- 
tricles then  continued  to  beat  with  relatively  slight  variations. 

A-V  Conduction. — Conduction  through  the  auriculoventricular  bun- 
dle when  the  sinus  rhythm  was  present  was  within  normal  limits  in  two 
cases,  as  indicated  by  the  P-R  time.  In  the  third  case  the  P-R  interval 
was  prolonged  (0.24  sec.)  ;  but  it  is  not  possible  to  say  whether  this 
was  a  drug  effect  or  was  due  to  interference  with  the  passage  of  the 
impulse  from  other  causes. 

Intra-V entricular  Conduction. — In  one  individual  (Case  1,  second 
course),  there  was  definite  evidence  that  quinidin  caused  interference 
with  the  spread  of  the  excitation  wave  through  the  ventricles  (partial 
intraventricular  block)  (Fig.  1).  The  QRS  interval  rose  from  0.10 
sec.  before  quinidin  administration  to  0.13  sec.  after  the  drug  had  been 
given,  and  did  not  return  to  its  former  value  for  five  days.  There  was 
no  coincident  prolongation  of  A-V  conduction. 

Alteration  in  Ventricular  Complex. — In  the  series  of  curves  just 
described  (Fig.l)  is  seen  an  example  of  change  in  the  contour  and 
voltage  of  the  ventricular  complex  after  quinidin  administration.  This 
is  exhibited  particularly  in  the  R  and  S  waves  and  in  the  altered  form 
and  position  of  the  notching.  Similar  changes  were  observed  in  one 
other  case.  There  is,  presumably,  some  change  in  the  path  of  the 
impulse  through  the  ventricles. 

T  Wave. — The  T  wave  was  distinctly  affected  by  quinidin,  in  that 
it  tended  to  reverse  its  direction  and  change  its  form  after  the  normal 
rhythm  was  established.^  Though  slight  variations  in  this  portion  of 
the  electrocardiogram  were  among  the  early  effects  of  quinidin  medica- 
tion, the  more  striking  changes  occurred  after  the  sinus  rhythm  had 
prevailed  for  twenty-four  hours  and  were  best  seen  in  Lead  III  (Fig. 
2).  When  the  fibrillatory  mechanism  was  resumed,  the  T  wave  usually 
returned  to  its  original  direction  and  form  either  at  once  or  after  a 
short  interval.  It  is  of  interest  to  note  that  in  one  instance,  however, 
(Case  2,  first  course),  the  T  wave  change  preceded  the  alteration  in 
cardiac  mechanism.  On  the  last  day  of  normal  rhythm  the  T  wave  in 
Lead  III  changed  from  upright  to  inverted.  On  the  following  morn- 
ing, auricular  fibrillation  was  again  recorded,  the  T  wave  remaining 
as  on  the  previous  day.  It  is,  therefore,  clear  that,  although  change 
in  the  form  of  the  T  wave  and  change  in  rhythm  often  occur  synchro- 
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tiously,  they  are  not  necessarily  interdependent.  In  dogs  in  which 
quinidin  was  injected  similar  alterations  in  the  T  wave  were  noted.^ 
These  observations  are  recorded  without  any  attempt  at  interpretation, 
since  the  significance  of  change  in  this  portion  of  the  electrocardiogram 
is  by  no  means  clear. 

Influence  of  Digitalis. — Digitalization  prior  to  quinidinization  was 
not  essential  for  success  in  restoring  the  normal  mechanism.  For  in 
the  same  individual  (Case  1),  the  normal  rhythm  was  on  one  occasion 
restored  after  digitalis  administration,  with  ventricular  rate  ranging 
from  90  to  100  (first  course),  and  at  another  time,  after  no  digitalis 
was  given,  when  the  ventricles  were  beating  at  the  rate  of  180  per 
minute  (second  course).  A  number  of  observations  bearing  on  this 
point  have  been  made  and  will  be  discussed  more  fully  at  another  time. 

Effect  of  Air o pin. — Intravenous  injection  of  atropin  sulphate  (from 
1.0  to  1.5  mgm.)  in  these  patients  at  a  time  when  fibrillation  was  present 
and  again  when  the  normal  rhythm  prevailed,  resulted  in  the  usual 
increase  in  ventricular  rate,  but  in  no  noteworthy  alteration  in  the 
cardiac  mechanism  or  in  the  form  of  the  electrocardiogram. 

CASES     IN     WHICH     RESTORATION     OF     THE     NORMAL     MECHANISM 
WAS     NOT     ACCOMPLISHED 

In  this  group  of  eight  patients,  evidences  of  the  undesirable  action 
of  quinidin  were  more  frequently  observed   (Table  3). 

Tachycardia. — As  in  the  cases  in  which  it  was  possible  to  establish 
normal  rhythm,  tachycardia  was  commonly  the  first  effect  noted  and 
was  often  sufificiently  troublesome  to  cause  complaint.  Having  once 
been  initiated,  it  was  rarely  prolonged  beyond  four  or  five  hours  after 
the  drug  was  discontinued.  In  one  patient  (Case  10,  first  course),  in 
whom  simple  tachycardia  was  induced  by  quinidin,  definite  signs  and 
symptoms  of  heart  failure  ensued.  There  was  palpitation,  dyspnea, 
epigastric  distress,  large  tender  liver,  accumulation  of  invisible  edema, 
as  evidenced  by  gain  in  weight  and  oliguria  and  a  striking  rise  in  venous 
pressure  from  10.8  to  20.2  cm.  of  water. ^°  A  graphic  account  of  these 
findings  is  given  in  Figure  9.  A  course  of  digitalis  therapy  was 
followed  by  prompt  disappearance  of  symptoms  and  signs  of  decom- 
pensation. 

Coarse  Fibrillation;  Impure  Flutter;  Flutter. — Coarsening  of  fibril- 
latory  waves,  indicating  retardation  of  auricular  rate,  was  noted  on 
five  occasions.  It  was  at  times  among  the  earliest  detected  changes 
in  the  electrocardiogram,  but  in  other  instances  was  seen  as  a  later 


10.  Observations  of  venous  pressure  were  made  bv  the  method  of  Hooker : 
Am.  J.  Physiol.  35:73,  1914. 
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effect.  The  mechanism  by  which  slowing  is  produced  is  not  precisely 
to  be  ascertained.  It  is  known,  however,  that  one  of  the  pharmacologic 
actions  of  quinidin  is  to  depress  conductivity  in  the  auricle,  and  it  is 
conceivable,  and  altogether  likely,  that  slowed  auricular  rate  is  an 
exhibition  of  this  effect.  When  still  greater  depression  of  conduction 
has  been  produced,  impure  flutter  occurs.  This  was  observed  on  three 
occasions  in  combination  with  periods  of  fibrillation  and  twice  as  the 
dominant  rhythm.  In  two  patients  (Cases  5  and  7)  impure  flutter 
was  followed  by  flutter,  but  larger  dosage  was  not  effective  in  restoring 
the  normal  rhythm.  In  Case  5,  the  flutter  was  of  short  duration, 
lasting  but  twenty  minutes,  after  which  a  mixed  rhythm  with  periods 
of  fibrillation  and  impure  flutter  was  recorded.  In  Case  7,  however, 
flutter  persisted  for  three  days  and  was  followed,  after  administration 
of  digitalis,  by  reversion  to  the  fibrillatory  rhythm. 

These  observations  serve  to  demonstrate  the  close  interrelationship 
between  fibrillation,  impure  flutter  and  flutter,  and  lend  support  to  the 
concept  that  they  are  all  dependent  upon  the  same  basic  disturbance, 
namely,  a  circus  contraction  in  the  auricle.  In  these  respects,  Lewis' 
experimental  data  ^^  are  confirmed  for  the  clinic. 

Ventricular  Premature  Beats. — Of  the  greatest  significance  to  the 
clinician  are  those  arrhythmias  which  indicate  irritation  of  the  ven- 
tricular muscle.  Reference  has  already  been  made,  in  discussing  the 
first  group  of  cases,  to  the  occurrence  of  ectopic  ventricular  premature 
beats,  which  arose  more  often  in  the  right,  but  occasionally  in  the 
left  ventricle.  These  were  observed  in  all  of  the  eight  cases  in  the 
series  now  under  discussion.  In  some  instances  they  were  transitory, 
disappearing  spontaneously  or  after  more  of  the  drug  was  given.  They 
assume  particular  importance  in  those  individuals  in  whom  occasional 
ventricular  premature  beats  are  not  present  prior  to  the  beginning  of 
treatment.  They  may  occur  as  isolated  extrasystoles ;  or,  in  such 
fashion  as  to  cause  coupled  rhythm,  like  that  seen  in  the  early  stages 
of  digitalis  poisoning  (Case  6,  first  course;  Fig.  7). 

Paroxysms  of  Ventricular  Tachycardia. — If  more  quinidin  is  given, 
however,  ventricular  premature  beats  may  occur  in  rapid  succession 
in  a  manner  to  result  in  paroxysms  of  ectopic  ventricular  tachycardia 
(Cases  3,  6,  7  and  11,  Figs.  6  and  8),  or  as  a  continuous  sequence 
of  extrasystoles  arising  in  an  ectopic  focus  in  the  ventricle  (Case  7, 
Fig.  8).  Case  7  is  of  particular  interest  in  this  connection,  in  that 
ventricular  tachycardia  occurred  at  first  during  the  fibrillatory  period, 
then  at  a  time  when  auricular  flutter  with  3 :  1  block  was  present 
and  subsequently,  with   slower   auricular  rate   and  2 :  1   block.     The 


11.  Lewis,    T. :      Observations    upon    Flutter    and    Filirillation.      Part    IV. 
Impure  Flutter;  Theory  of  Circus  Movement,  Heart  7:293,  1920. 
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paroxysms  in  the  three  cases  in  which  this  mechanism  was  seen  were 
fortunately  of  short  duration,  lasting  always  less  than  twenty  hours 
and  sometimes  disappearing  in  the  course  of  three  hours  after  the 
last  dose  of  quinidin  was  given. 

Ventricular  tachycardia  assumes  a  real  significance  if  it  is  borne 
in  mind  that  in  dogs  injected  with  digitalis  or  strophanthin  this 
irregularity  is  not  infrequently  the  precursor  of  ventricular  fibrillation 
and  death.  Dogs  which  have  received  quinidin  occasionally,  though 
rarely,  die  with  this  arrhythmia.^  Several  sudden  and  unexplained 
deaths  are  reported  by  careful  observers  following  quinidin  administra- 
tion in  patients  in  whom,  at  necropsy,  dilatation  of  the  heart  but  no 
evidence  of  pulmonary  or  other  embolism  was  found.  It  is  quite 
possible  that  in  these  patients  ventricular  fibrillation  was  the  cause 
of  death.  Unfortunately,  the  cardiac  mechanism  shortly  before  and 
at  the  time  of  death  has  not  been  recorded. 

In  certain  individuals,  then,  quinidin  is  a  highly  toxic  substance 
for  heart  muscle,  even  in  doses  ordinarily  regarded  as  safe  in  clinical 
therapeutics.  Until  further  details  of  its  action  are  known,  it  is  wise 
to  insist  that  patients  receiving  this  drug  should  remain  in  bed,  prefer- 
ably in  a  hospital,  under  close  observation  by  nurse  and  physician. 
Where  possible,  therapy  should  be  controlled  by  graphic  records.  Phy- 
sicians who  prescribe  quinidin  should  do  so  with  the  realization  that 
in  proper  hands  it  possesses  great  therapeutic  virtue,  whereas  unin- 
telligently  given,  it  may  cause  disastrous  efifects  and  fall  into  undeserved 
disrepute. 

SUMMARY 

1.  An  electrocardiographic  study  has  been  made  of  eleven  patients 
with  auricular  fibrillation  who  received  quinidin  sulphate  by  mouth. 
In  three,  to  whom  quinidin  was  given  on  twelve  occasions,  the  normal 
rhythm  was  restored  nine  times.  In  eight,  to  whom  the  drug  was 
given  on  eleven  occasions,  restoration  of  the  normal  rhythm  was  not 
accomplished. 

2.  In  the  cases  in  which  normal  rhythm  was  established,  the  first 
effect  noted  was  usually  acceleration  of  ventricular  rate ;  next  in  order 
came  ectopic  ventricular  beats.  The  transitional  mechanisms  in  the 
common  order  of  appearance  were:  coarser  fibrillation,  denoting 
retardation  of  auricular  rate,  impure  flutter,  flutter  and  normal  rhythm. 

3.  The  transition  from  flutter  to  normal  rhythm  has  been  photo- 
graphed in  the  second  lead  and  has  been  described. 

4.  The  occurrence  of  variations  in  the  form  of  P  waves,  ectopic 
auricular  contractions,  auricular  tachycardia  and  sino-auricular  block 
after  resumption  of  the  sinus  rhythm,  is  adduced  as  evidence  that 
there  is,  even  at  this  time,  a  tendency  for  the  impulse  to  be  initiated 
at  a  point  other  than  at  the  sinus  node  and  to  traverse  an  unusual 
path  in  its  course  through  the  auricle. 


462  ARCHIVES    OF    INTERNAL    MEDICINE 

5.  Both  auricular  and  ventricular  premature  beats  could,  on  occa- 
sion, be  abolished  by  further  exhibition  of  the  drug. 

6.  The  effects  on  rate,  A-V  conduction,  intraventricular  conduction 
and  on  the  T  wave  have  been  discussed. 

7.  Reference  has  been  made  to  the  influence  of  digitalis  on  the 
issue  of  quinidin  administration  and  to  the  effect  of  atropin  after 
establishment  of  the  sinus  rhythm. 

8.  In  the  cases  in  which  restoration  of  the  normal  mechanism  was 
not  accomplished,  evidences  of  the  undesirable  action  of  quinidin  were 
more  frequently  observed.  Tachycardia  was  troublesome  and  in  one 
instance  was  followed  by  signs  and  symptoms  of  heart   failure. 

9.  The  close  interrelationship  of  fibrillation,  impure  flutter  and 
flutter  was  evident  in  that  rapid  change  from  one  of  these  mechanisms 
to  the  other  was  frequently  seen.  This  observation  lends  support 
to  the  concept  that  they  are  all  dependent  on  the  same  basic  disturbance, 
namely,  a  circus  contraction  in  the  auricles. 

10.  Ectopic  ventricular  beats  were  seen  after  quinidin  in  all  of  the 
eight  cases  under  discussion.  These  occurred  at  times  in  such  fashion 
as  to  cause  coupled  rhythm. 

11.  After  the  continued  administration  of  quinidin,  paroxysms  of 
ectopic  ventricular  tachycardia  sometimes  ensued.  This  arrhythmia  is 
significant  for  the  clinican;  for  in  dogs  injected  with  digitalis  or 
strophanthin  it  is  not  infrequently  the  precursor  of  ventricular  fibrilla- 
tion and  death.  In  the  three  cases  in  which  this  mechanism  was 
seen,  the  paroxysms  were  fortunately  of  short  duration. 

12.  In  certain  patients,  quinidin  is  a  toxic  substance  for  heart 
muscle,  even  in  doses  ordinarily  regarded  as  safe  for  clinical  use. 
Carefully  administered,  the  drug  possesses  great  therapeutic  virtue, 
whereas  unintelligently  given,  it  may  be  expected  to  cause  undesirable 
effects. 

APPENDIX 

REPORT     OF     CASES 
CASES     IN     WHICH     THE     NORMAL     MECHANISM     WAS     RESTORED 

Case  1. — Hosp.  No.  3968.  Male,  aged  55.  Diagnosis:  Syphilis;  chronic 
myocarditis.  Known  duration  of  fibrillation,  one  and  a  half  years ;  duration 
of  cardiac  symptoms,  two  years. 

This  patient  received  quinidin  sulphate  on  five  different  occasions,  four  times 
to  restore  the  normal  rhythm,  the  fifth  time  in  an  attempt  to  abolish  auricular 
and  ventricular  premature  beats  at  a  time  when  the  sinus  rhythm  prevailed. 

First  Course. — Alarch  10  to  15  :  4.6  gm.  were  given  in  six  days.  The  patient 
had  been  taking  0.1  gm.  digitalis  (digitan)  daily  prior  to  quinidin  administra- 
tion. The  original  mechanism,  as  recorded  electrocardiographically,  was  fine 
auricular  fibrillation.  There  was  left  ventricular  preponderance  and  an 
occasional  left  ventricular  premature  beat. 

First  Day :    0.2  gm.  at  3  and  6  p.  m.    There  was  no  evident  effect. 

Second  Day:  0.2  gm.  at  7,  9,  11  a.  m.  and  1  and  3  p.  m.  At  10:50  a.  m.. 
after  0.8  gm.,  the  ventricular  rate  rose  from   110  to  142  and  right  ventricular 
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premature  contractions  appeared ;  these  were  transient  and  were  not  again 
observed  during  this  course  of  treatment.  By  4  p.  m.  the  rate  had  again  fallen 
to  95. 

Third  and  Fourth  Days  :     No  quinidin  given. 

Fifth  Day :  0.4  gm.  at  12  noon,  4  and  8  p.  m.  Again  there  was  acceleration 
of  rate,  which  at  6  p.  m.  was  130. 

Sixth  Day:  At  6  a.  m.,  the  ventricular  rate  was  140,  with  hut  114  beats 
palpable  at  the  wrist.  0.4  gm.  at  8  and  10  a.  m.,  12  noon,  2  :  15  and  4  p.  m.  At  2 :  50 
p.  m.,  after  1.6  gm.,  there  was  impure  flutter  with  ventricular  rate  of  115.  This 
was  followed,  after  another  0.4  gm..  by  restoration  of  the  normal  mechanism 
with  rate  of  80.  The  sinus  rhythm  was  recorded  one  hour  and  fifty-five  minutes 
after  the  onset  of  flutter.     On  the  following  day  the  T  wave  in  Lead  III,  which 

Casel.      HospNo396& 


Aprl3 
9: 


3    4HiaUi!  i ]TTTtff}iitil>;:tpt,nf;.^tIEI}g?!in;r}^TTITES    ji^uw^UtUijjiUjl^'ifcttttrlWMiiMiim^  rrir't^;"l;n3iitH=i;a~a.^*ii:'a~*4=-"jt-"!m 

M^HSS-Hy^^i--^;/  m^^r^^^mm^  Wmm^:¥^^^^ 


'^f^'^m'^^^' 


I     1     <     ' 


fctz! 


UJrJWr'^^'^^^^r^'r'''^ 


Ui*i^'.^*r  '^f^f^'l^r^f 


,»       ,' 


3:30 
T.n. 


te0^  tfl0)")Hi^  «(^li«M%,  ^M«^i 


•^'r^U^r-^-^--*-^ 


Apr.  16 
9:i5 

All 


i^S^te* 

^Y— "•>y"— *  f* 


Fig.  1. — Case  1.  Hosp.  i\o.  jyuo.  Aiini  io:  CJuinidin  sulphate,  U.4  gm., 
at  10:30  a.  m.,  12  noon,  and  2:30  p.  m. 

9:10  a.  m.,  control.  Auricular  fibrillation;  ventricular  rate,  185;  QRS  = 
0.10  sec. 

10:50  a.  m.,  after  0.4  gm.  Auricular  fibrillation;  ventricular  rate,  185; 
right  ventricular  premature  contraction   (Lead  III). 

3  :  00  p.  m.,  thirty  minutes  after  1.2  gm.  Auricular  flutter;  auricular  rate,  280; 
ventricular  rate,    140.     QRS=r0.13  sec. 

3 :  30  p.  m.,  one  hour  after  1.2  gm.  Normal  rhythm ;  ventricular  rate,  95 ; 
P-R  =  0.13  sec.     QRS  — 0.13  sec. 

April  18,  five  days  later.  9:15  a.  m.  Normal  rhythm;  auricular  premature 
contractions;   ventricular  rate,  60;   P-R^0.13   sec;   QRS^O.IO  sec. 
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had  been  upright,  became  inverted  and  auricular  premature  beats  were  present. 
The  latter  disappeared  spontaneously  after  being  present  for  four  days.  The 
P-R  (conduction)  time  during  the  period  of  normal  rhythm  ranged  from  0.13 
to  0.16  second.  The  sinus  rhythm  prevailed  for  twenty-three  days.  On  the 
twenty-fourth  day  fine  auricular  fibrillation  with  ventricular  rate  of  from  120 
to  135  suddenly  reappeared.  In  the  course  of  three  days  the  T  wave  in  all 
three  leads  assumed  the  opposite  direction  from  that  previously  recorded. 
There  were  occasional  left  ventricular  premature  beats.  On  the  twenty-fifth 
day  the  ventricular  rate  rose  to  184  and  remained  at  this  level  until  quinidin 
was  again  administered  five  days  later. 

Second  Course. — April  13 :  Three  doses  of  0.4  gm.  each  were  given  at  two 
hour  intervals.  After  0.4  gm.,  right  ventricular  premature  contractions  appeared, 
but  were  transitory.    After  0.8  gm.  there  was  gradual  fall  in  rate  from  180  to 
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Fig.  2.— Case  1.  Hosp.  No.  3968.  March  15:  Quinidin  sulphate,  0.4  gm., 
at  8  and  10  a.  m.,  12  noon,  2 :  15  and  4  p.  m. 

2:50  p.  m.,  after  1.6  gm.  Auricular  fibrillation;  ventricular  rate  115;  T 
wave  =  q:  -f  +. 

4:45  p.  m.,  forty-five  minutes  after  2  gm.  Normal  rhythm;  ventricular  rate 
80;    P-R  =  0.15  sec;   T   wave  = -f -j- -f . 

March  16,  twenty-one  hours  later.  2:15  p.  m.  Normal  rhythm;  ventricular 
rate   69;    P-R  =  0.14   sec;    T    wave  =  -f  =r— . 

140.  The  T  wave  in  Lead  I  changed  from  inverted  to  upright.  Three  hours 
after  beginning  treatment  and  one  hour  after  the  second  dose,  there  was  impure 
flutter  with  ventricular  rate  of  145.  The  Q  R  S  interval  was  0.10  second. 
Impure  flutter  persisted  for  forty  minutes  after  which  2 :  1  flutter  was  recorded. 
The  QRS  interval  was  now  from  0.12  to  0.13  second.  After  forty-five  minutes 
of  flutter,  normal  rhythm  with  rate  of  95  was  established.  The  T  wave  in  Lead 
III  changed  at  once  from  upright  to  inverted.  Auricular  and  right  ventricular 
premature  beats  were  present,  the  latter  disappearing  in  the  course  of  a  few 
hours.  The  QRS  interval  still  ranged  from  0.12  to  0.13  second.  Next  day  the 
rate  was  69  and  was  maintained  at  about  70,  until  fibrillation  reappeared 
twenty-one  days  after  onset  of  normal  rhythm.  QRS  group  remained  wider 
than  normal,  i.  e.,  more  than  0.10  second,  for  six  days,  then  resumed  its  former 
value  of  0.10  second.     On  the  twenty-first  day  of  normal  rhythm   fibrillation 
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with  ventricular  rate  of  120  set  in.  Next  day  there  was  further  acceleration  of 
rate,  from  170  to  180,  and  the  T  wave  in  Lead  III  changed  from  inverted  to 
upright. 

Third  Course. — May  6:  0.4  gm.  sufficed  to  restore  normal  rhythm  on  this 
occasion,  the  ventricular  rate  falling  rapidly  from  185  to  94,  and  on  the  fol- 
lowing day  to  72.  The  T  wave  in  Lead  III  again  changed  from  upright  to 
inverted  and  auricular  premature  beats  appeared.  Normal  rhythm  was  present 
for  only  four  days ;  then  for  a  day  fibrillation  supervened,  for  a  few  hours 
there  was  spontaneous  resumption  of  normal  rhythm  and  then  again  reversion 
to  fibrillation  with  ventricular  rate  of  180.  After  the  onset  of  fibrillation  the 
T  wave  in  Lead  III  again  became  upright.  While  the  sinus  rhythm  prevailed, 
P-R    (conduction)    time  was   from  0.12   to  0.13   second. 
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Fig.  3.— Case  L  Hosp.  No.  3968.  May  26:  Quinidin  sulphate,  0.4  gnx, 
at  8  and  11  a.  m.,  and  1  p.  m. 

10:  17  a.  m.,  after  0.4  gm.  Normal  rhythm;  auricular  and  right  ventricular 
premature  contractions;  rate  75;  P-R ^0.13  sec. 

12:14  p.  m.,  after  0.8  gm.  Normal  rhythm;  auricular  premature  contrac- 
tions; rate  66;   P-R  =  0.14  sec. 

2:15  p.  m.,  after  1.2  gm.     Normal  rhythm;   rate  61;   P-R  =  0.12  sec. 

Fourth  Course. — May  18:  After  seven  days  of  fibrillatory  mechanism,  0.4 
gm.  was  again  given,  and  2 :  1  flutter  ensued  forty  minutes  after  quinidin  was 
taken  with  no  demonstrated  intermediate  mechanism.  When  flutter  first 
appeared,  the  ventricular  rate  was  180  but  fell  in  the  course  of  thirty-five  min- 
utes to  145.  One  hour  and  two  minutes  after  the  onset  of  flutter  there  was  a 
normal  rhythm  at  the  rate  of  108.  There  were  occasional  auricular  premature 
beats.  The  T  wave  in  Lead  III  changed  from  upright  to  inverted.  At  the 
end  of  four  hours  the  ventricular  rate  had  fallen  to  75.  P-R  (conduction)  time 
was  from  0.12  to  0.14  second.  Three  days  after  the  establishment  of  normal 
rhythm  auricular  flutter  reappeared  but  the  fibrillatory  mechanism  was  not 
resumed.  On  the  following  day  one  dose  of  0.4  gm.  sufficed  once  more  to 
restore  the  normal  mechanism  though  occasional  auricular  premature  beats 
were  present. 
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Fifth  Course. — Alay  26:  In  the  course  of  four  days  many  premature  con- 
tractions, both  of  auricular  and  right  ventricular  origin,  were  present.  These 
were  sufficiently  numerous  to  cause  complaint ;  1.2  gm.,  given  in  three  doses  of 
0.4  gm.  each,  at  three  hour  intervals  sufficed  entirely  to  abolish  the  ectopic 
contractions.  The  normal  rhythm  has  now  been  maintained  in  this  patient  for 
more  than  eleven  months.  He  has  been  taking  0.4  gm.  quinidin  everv'  second 
day,  and  three  doses  of  0.4  gm.  each  on  one  day  every  two  weeks.  At  times 
premature  beats  of  auricular  origin  have  been  present,  but  the  larger  dosage 
has  usually  served  to  restore  the  undisturbed  normal  mechanism. 

Case  2. — Hosp.  No.  4330.  Male,  aged  26.  Diagnosis :  Chronic  endocarditis 
(rheumatic)  ;  mitral  stenosis  and  insufficiency.  Known  duration  of  fibrillation, 
one  month ;  duration  of  cardiac  s\Tnptoms,  eight  years. 
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Fig.  4.— Case  2.  Hosp.  No.  4330.  Normal  rhythm  had  prc^^iicu  iwi  ciguUcu 
days  after  a  previous  course  of  quinidin.  May  21:  9:47  a.  m.  Normal  rhythm 
still  present;   rate  80;   P-R  =  0.15  sec. 

May  23:  9:34  a.  m.  Auricular  fibrillation  and  impure  flutter;  ventricular 
rate  92. 

May  25:  9:48  a.  m.,  control.     Impure  flutter  and  flutter;  ventricular  rate  90. 

10 :  05   a.  m.,  quinidin   sulphate,   0.4  gm. 

11:30  a.  m.,  eighty-five  minutes  after  0.4  gm.  Lead  II.  Transition  from 
auricular  flutter,  with  ventricular  rate  of  122  and  auricular  rate  of  244,  to 
normal  rhythm,  with  ventricular  rate  of  72;  P-R=:0.16  sec. 

11:38  a.  m.     Normal  rhythm;  ventricular  rate  86;  P-R:=0.16  sec. 
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This  patient  received  three  courses  of  quinidin,  each  time  with  restoration 
of  normal  rhythm.  He  was  kept  in  bed  in  the  hospital  for  one  month  without 
medication  before  beginning  quinidin  administration.  The  original  mechanism 
was  coarse  auricular  fibrillation;  there  was  right  ventricular  preponderance. 
Ventricular  rate  prior  to  treatment  ranged  from  100  to  110. 

First  Course. — March   17  and   18:    1.6  gm.   given  in   two  days. 

First  Day:  0.2  gm.,  at  11:30  a.  m.  and  1:30  p.  m.  The  first  effect  noted 
was  an  increase  in  the  rate  of  the  ventricles  to  125,  even  after  this  small  pre- 
liminary dose.  At  4:30  p.  m.,  three  hours  after  the  second  dose,  there  was 
auricular  flutter  with  3 :  1   block. 

Second  Day:  0.4  gm.  at  7,  9  and  11  a.  m.  At  9:30  a.  m.,  thirty  minutes 
after  the  second  dose,  the  rate  was  140,  and  the  mechanism  auricular  flutter 
with  3 :  1  block.  There  were  a  few  left  ventricular  premature  beats.  One 
hour  and  five  minutes  after  12  gm.  had  been  given,  normal  rhythm  was  estab- 
lished with  a  rate  of  95.  Premature  beats  were  no  longer  present.  The  T  wave 
in  Lead  III,  which,  prior  to  treatment,  had  been  inverted,  became  upright  in 
the  course  of  two  hours.  There  was  a  progressive  fall  in  rate  and  at  the  end 
of  five  hours  the  ventricles  were  beating  73  times  per  minute.  P-R  (con- 
duction) time  was  from  0.16  to  0.17  second.  There  were  occasional  auricular 
premature  beats.  The  normal  rhythm  was  maintained  for  thirteen  days.  It  is 
of  interest  to  note  that  on  the  last  day  of  normal  rhythm  the  T  wave  in 
Lead  III  again  changed  from  upright  to  inverted,  and  the  following  moniing 
auricular  fibrillation  was  recorded  once  again,  the  T  wave  remaining  as  on 
the  previous  day.  Ventricular  rate  was  110.  Two  days  later  there  was  impure 
flutter  with  rate  of  130,  followed  by  coarse  fibrillation  with  rate  ranging  from 
110  to   115. 

Second  Course. — April  7 :  On  the  eighth  day  after  reversion  to  fibrillation, 
0.4  gm.  was  given  at  7  and  9  a.  m.  The  normal  rhythm  was  again  promptly 
reestablished  at  9:30,  the  intermediate  mechanisms,  if  such  were  present,  not 
being  recorded.  The  ventricular  rate  was  85.  The  T  wave  in  Lead  III  again 
changed  from  inverted  to  upright,  and  auricular  premature  beats  were  present. 
These  were  observed  to  disappear  and  reappear  at  times.  P-R  (conduction) 
time  was  from  0.14  to  0.16  second.  On  this  occasion  the  normal  rhythm  per- 
sisted for  twenty-three  days,  the  ventricular  rate  ranging  from  66  to  80.  On 
the  twenty-third  day  there  was  again  auricular  fibrillation  with  a  ventricular 
rate  of  120  and  the  T  wave  in  Lead  III  became  inverted.  Four  days  later 
the  normal  rhythm  was  resumed  without  medication,  and  persisted  for  twenty 
days,  the  P-R  (conduction)  time  being  from  0.15  to  0.16  second  and  the 
T  wave  in  Lead  III  being  upright.  Again  there  were  occasional  auricular  pre- 
mature beats.  On  the  twentieth  day  there  was  a  mixture  of  auricular  flutter 
and  fibrillation,  with  ventricular  rate  of  92  and  an  inverted  T  wave  in  Lead  III. 
On  the  following  day  there  were  seen  in  the  same  curve  both  impure  flutter 
and  auricular  fibrillation,  and  on  the  day  after  this  flutter,  impure  flutter  and 
auricular  fibrillation. 

Third  Course. — May  25:  0.4  gm.  was  given  at  10:05  a.  mi.  At  11  o'clock 
there  was  impure  flutter,  and  at  11:30,  one  hour  and  twenty-five  minutes  after 
quinidin  had  been  given,  the  transition  from  auricular  flutter  to  the  normal 
mechanism  was  recorded  in  Lead  II.  There  were  occasional  auricular  pre- 
mature beats.  Ts  was  again  upright.  There  was  a  fall  in  ventricular  rate 
from  122  during  the  period  of  flutter,  to  72  after  the  sinus  rhythm  was  restored. 
The  P-R   (conduction)   time  ranged  from  0.16  to  0.17  second. 

The  patient  was  discharged  from  the  hospital  three  days  later  with  a  normal 
rhythm,  but  did  not  report  for  observation  as  directed.  He  returned  for  exam- 
ination four  months  later  showing  the  fibrillatory  mechanism  with  a  ventricular 
rate  of  96.  Three  doses,  of  0.4  gm.  each,  again  restored  the  normal  mechanism, 
and  this  was  maintained  for  three  months  with  the  intermittent  quinidin 
medication  given  on  a  plan  similar  in  its  essentals  to  that  outlined  for  Case  1. 
Case  3. — Male,  aged  55.  Diagnosis:  Chronic  endocarditis  (rheumatic); 
mitral  stenosis  and  insufficiency.  Known  duration  of  fibrillation,  fifteen  months ; 
duration  of  cardiac  symptoms,  six  years. 
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The  patient  was  partly  digitalized  prior  to  quinidin  therapy,  having  taken 
some  digitalis,  the  amount  of  which  was  not  definitely  known,  before  entering 
the  hospital.  He  received  four  courses  of  quinidin.  On  two  occasions  only 
was  the  normal  rhythm  reestablished.  The  original  mechanism  was  coarse 
auricular  fibrillation,  with  a  ventricular  rate  of  145. 

First  Course. — May  13:  1.2  gm.  was  given  in  one  day.  The  patient  received 
0.4  gm.  at  10 :  30  a.  m.,  12 :  30  and  2 :  30  p.  m.    There  was  no  significant  effect. 

Second  Course. — May  19  to  25 :  8.4  gm.  were  given  in  seven  days.  This 
course  was  given  six  days  after  the  first  attempt  at  therapy. 

First  Day :  0.4  gm.  was  administered  at  10  a.  m.,  12  noon,  2  and  4  p.  m.  The 
ventricular  rate  before  the  first  dose  was  125,  somewhat  higher  than  when 
the  first  course  was  given.  After  0.8  gm.  this  had  risen  to  150.  After  1.2  gm. 
it  was  again  120  and  there  were  premature  beats  of  right  ventricular  origin. 
At  4:35  p.  m.,  i.  e.,  thiry-five  minutes  after  a  total  of  1.6  gm.  had  been  admin- 
istered,  there   was    ectopic    right   ventricular   tachycardia    with    a    rate   of    120. 
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Fig.  6.— Case  3.  Hosp.  No.  4118.  May  20:  Quinidin  sulphate,  0.4  gm.,  at 
10  a.  m.,  12  noon,  2  and  4  p.  m. 

9 :  25  a.  m.,  control.     Auricular  fibrillation ;  ventricular  rate  120. 

11:20  a.  m.,  after  0.4  gm.   Coarser  auricular  fibrillation;  ventricular  rate  130. 

4:30  p.  m.,  after  1.6  gm.  Auricular  fibrillation;  paroxysms  of  ventricular 
tachycardia;   isolated   left  ventricular  premature  beats. 

May  21  and  22 :     No  quinidin  given. 

May  23  and  24:     Quinidin  sulphate,  1.6  gm.,   on  each  day. 

May  25:    Quinidin   sulphate,   2   gm. 

May  26:    9:33  a.  m.     Normal  rhythm;  ventricular  rate  78;  P-R  =  0.24  sec. 

May  27:  9:38  a.  m.  Normal  rhythm;  sino-auricular  block;  ventricular  rate 
80;  P-R=r0.22  sec. 

10:05  a.  m.  Paroxysm  of  auricular  tachycardia  with  transition  to  normal 
rh>i:hm. 
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Second  Day:  The  following  morning  ventricular  tachycardia  had  dis- 
appeared and  the  ventricular  rate  was  120.  Four-tenths  gram  was  again  given 
at  10  a.  m.,  12  noon,  2  and  4  p.  m.  At  11  :  20,  one  hour  and  twenty  minutes  after 
the  first  dose,  there  was  impure  flutter  in  addition  to  the  coarse  fibrillation. 
At  1 :  30,  one  hour  and  thirty  minutes  after  the  second  dose,  there  was  again 
auricular  fibrillation  without  flutter,  but  there  were  right  ventricular  premature 
beats.  The  ventricular  rate  was  140.  At  4:30,  thirty  minutes  after  the  fourth 
dose,  there  were  paroxysms  of  ventricular  tachycardia  originating  first  in 
the  right  ventricle,  then  in  the  left,  together  with  isolated  left  ventricular 
premature  beats ;  the  rate  was  130. 

Third  Day  :  There  was  again  auricular  fibrillation  with  a  ventricular  rate 
of  126.     No  drug  was  given  on  this  day  or  on  the  fourth  day  of  treatment. 

Fifth  Day:  0.4  gm.  was  given  at  11  a.  m.,  1,  3  and  5  p.  m.  The  ventricular 
rate  at  9:54  a.  m.,  before  giving  quinidin,  was  145;  at  4:  15  p.  m.  it  w'as  115. 
No  change  in  mechanism  was  noted. 

Sixth  Day:  At  9:27  a.  m.,  there  was  impure  flutter  with  rate  of  130;  0.4  gm. 
was  given  at  10  a.m.,  12  noon,  2  and  4  p.  m.  At  1:30  p.  m.,  one  hour  and 
thirty  minutes  after  a  total  of  0.8  gm.,  had  been  given,  there  were  right  ven- 
tricular premature  beats.  At  3:55  p.  m.,  fifty-five  minutes  after  the  third 
dose,  there  were  paroxysms  of  left  ventricular  tachycardia  with  a  rate  of  130. 
At  4:  15  p.  m.  these  had  disappeared  and  there  were  isolated  right  ventricular 
premature  beats. 

Seventh  Day:  0.4  gm.  given  at  9:  30  and  11 :  30  a.  m.,  1 :  30,  3:  30  and  6  p.  m. 
Electrocardiograms  taken  on  this  day  showed  impure  flutter  with  a  ventricular 
rate  ranging  from  110  to  130.  At  about  7  p.  m.  the  normal  rhythm  was  estab- 
lished, the  patient  being  distinctly  conscious  of  the  alteration  in  mechanism. 
The  following  morning  at  9 :  23,  this  was  recorded  with  a  rate  of  78,  the  P-R 
(conduction)  time  being  0.24  second.  The  normal  rhythm  persisted  for  fourteen 
days,  during  which  the  rate  ranged  from  75  to  90,  and  the  P-R  (conduction) 
time  from  0.21  to  0.24  second.  On  the  second  day  of  normal  rhythm  an 
isolated  instance  of  sino-auricular  block  was  photographed,  and  later  on  this 
same  day  a  short  paroxysm  of  auricular  tachycardia  with  the  transition  to  the 
normal  rhythm.  On  the  twelfth  and  thirteenth  days  of  normal  rhythm  there 
were  auricular  premature  beats,  and  on  the  fourteenth  day  auricular  fibrilla- 
tion with  rate  of  102  was  again  present.  The  T  wave  during  the  time  when 
normal  rhythm  was  present  showed  no  significant  alteration.  Fibrillation  pro- 
ceeded for  three  days,  the  ventricular  rate  during  most  of  this  period  ranging 
from  150  to  160. 

Third  Course. — June  16  to  20 :  First  Day :  0.4  gm.  given  at  10 :  30  a.  m., 
12:30  and  2 :  30  p.  m.  At  11:30  a.  m.,  one  hour  after  the  first  dose,  there 
were  right  ventricular  premature  beats.  At  1 :  40,  one  hour  and  ten  minutes 
after  the  second  dose,  there  were  portions  of  the  curves  showing  impure  flutter 
in  addition  to  fibrillation,  with  both  right  and  left  premature  beats,  the  ven- 
tricular rate  being  140.  The  ventricular  premature  beats  disappeared  before 
the  third  dose  was  given  but  were  again  present  one  hour  after  1.2  gm.  had 
been  administered. 

Second  Day:  Impure  flutter  with  coarse  fibrillation  still  prevailed;  0.4  gm. 
given  at  10  a.  m.,  12  noon  and  2  p.  m.  At  10:50,  fifty  minutes  after  the  first 
dose,  the  curves  showed  flutter  and  impure  flutter  with  a  ventricular  rate 
of  160.  After  the  second  dose  there  was  again  coarse  fibrillation  with  right 
ventricular  premature  beats.  One  hour  after  the  third  dose  there  was  again 
coarse   fibrillation  with   impure   flutter   and   right   ventricular   premature   beats. 

Third  Day:  No  quinidin  was  given.  The  mechanism  was  impure  flutter 
with   rate  of  145. 

Fourth  Day :     No  records  were  made. 

Fifth  Day :  At  9 :  50  there  was  coarse  fibrillation  and  impure  flutter  with 
a  rate  of  160;  0.4  gm.  given  at  11  a.  m.,  1,  3,  5  and  7  p.  in.  The  rate  remained 
at  about  this  level.  At  3 :  40,  forty  minutes  after  the  third  dose,  there  were 
occasional  premature  beats  arising  in  both  right  and  left  ventricles.  Fifty 
minutes  later  these  were  more  numerous. 
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Sixth  day :  A  record  taken  at  9 :  SO  a.  m.  showed  the  normal  mechanism  with 
a  rate  of  88,  the  P-R  (conduction)  time  0.21  second  and  an  upright  T  wave 
in  Lead  III,  it  having  been  previously  inverted.  At  4  p.  m.  on  this  day  the 
rate  was  85  and  there  were  occasional  auricular  premature  beats.  The  dura- 
tion of  normal  rhythm  was  brief,  and  on  the  following  morning  there  was  again 
coarse  auricular  fibrillation  with  rate  of  150  and  flattening  of  the  T  wave  in 
Lead   IIL 

Fourth  Course.  June  22:  1.6  gm.  were  given  in  one  day,  0.4  gm.  at  10:30 
a.  m.,  12:30,  2:30  and  4:30  p.  m.  At  11:30,  one  hour  after  administering 
0.4  gm.,  there  was,  in  addition  to  auricular  fibrillation,  impure  flutter  with 
rate  of  180.  One  hour  after  the  second  dose,  the  rate  had  fallen  to  142,  and 
at  3 :  36,  one  hour  and  six  minutes  after  the  third  dose,  the  rate  was  125. 
There  were  at  this  time  paroxysms  of  right  and  left  ventricular  tachycardia. 
At  4 :  25  these  paroxysms  were  no  longer  noted,  nor  was  impure  flutter  present. 
There  was  coarse  auricular  fibrillation  with  isolated  right  and  left  premature 
beats,  the  ventricular  rate  being  138. 

On  the  following  morning  the  ventricular  rate  was  134,  and  the  patient 
complained  of  palpitation  and  dyspnea.  He  was  accordingly  given  digitalis 
in  the  form  of  digitan,  1  gm.  on  this  day  and  0.5  gm.  the  following  morning. 
No  further  attempt  at  quinidin  therapy  was   undertaken. 

CASES    IN    WHICH    THE    RESTORATION    OF   THE    NORMAL    MECHANISM 
WAS     NOT    ACCOMPLISHED 

Case  4. — Female,  aged  32.  Diagnosis  :  .Chronic  endocarditis  (rheumatic)  ; 
mitral  stenosis  and  insufficiency;  aortic  insufficiency.  Known  duration  of  fib- 
rillation, five  months ;   duration   of  cardiac  symptoms,  two  years. 

In  five  days  4.8  gm.  was  given.  The  original  mechanism  was  auricular 
fibrillation,  with  right  ventricular  preponderance.  The  patient  was  well  digi- 
talized  before  beginning  quinidin  treatment,  the  ventricular  rate  ranging  from 
70  to  80. 

First  Day:  Feb.  28:  0.2  gm.  given  at  11:50  a.  m.  and  5:30  p.  m.  There 
was  no  notable  effect. 

Second  Day :  0.4  gm.  given  at  12 :  30  and  6  p.  m.  There  was  a  sharp  rise 
in  heart  rate  to  142  at  8  p.  m.  with  a  gradual  return  to  the  former  level  of  64 
the  following  morning. 

Third  Day :  0.4  gm.  was  given  at  9 :  50  a.  m.,  2  and  6  p.  m.  Again  there 
was  a  sharp  rise  in  rate,  reaching  its  maximum  of  135  at  8  p.  m.,  with  return 
to  75  by  the  following  morning.  There  were,  in  addition,  occasional  right 
ventricular  premature  beats  which  were  first  recorded  three  hours  after  the 
first  dose  on  this  day,  and  persisted  throughout  the  night.  The  following  morn- 
ing the  rate  was  75. 

Fourth  Day:  0.4  gm.  was  given  at  7:30  and  11:45  a.  m.,  and  5  p.  m.  The 
rate  again  rose  to  127  at  6  p.  m.  with  gradual  fall  during  the  night.  Right 
ventricular  premature  beats  persisted. 

Fifth  Day:  The  rate  in  the  morning  was  82;  0.4  gm.  was  given  at  8  and 
11:30  a.  m.,  and  5  p.  m.  Tachycardia  again  ensued,  with  maximum  rate  of 
125  at  8  p.  m.  Premature  beats  became  more  numerous.  No  more  quinidin 
was   administered.     The   following  morning  the   rate   was   again   69  to   74. 

Case  S. — Male,  aged  19.  Diagnosis  :  Chronic  endocarditis  (rheumatic)  ; 
mitral  stenosis  and  insufficiency;  aortic  insufficiency.  Known  duration  of  fib- 
rillation, two  months ;  duration  of  cardiac  symptoms,  eight  years.  The  original 
mechanism  was  fine  auricular  fibrillation  with  right  ventricular  preponderance, 
the  rate  ranging  from  63  to  80.     During  seven  days  4.2  gm.  was  given. 

First  Day:  Feb.  3:  0.1  gm.  was  given  at  12  noon  and  5  p.  m.  No  effect  was 
noted. 

Second  Day:  0.2  gm.  given  at  11:30  a.  m.  and  5  p.  m.  The  rate  remained 
70.     There  was  no  significant  change. 

Third  Day:  0.2  gm.  at  10  a.  m.  and  4  p.  m.  There  was  a  slight  increase 
in  heart  rate  to  104. 

Fourth  Day :  The  rate  had  returned  to  60  but  there  were  occasional  right 
ventricular  premature  beats.     No  quinidin  was  given  on  this  day. 
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Fifth  Day:  0.4  gm.  was  given  at  10:  30  a.  m.  and  4  p.  m.  Three  hours  after 
the  first  dose,  the  rate  was  110,  the  fibrillatory  waves  were  slightly  coarser 
and  there  were  ectopic  beats  originating  in  both  left  and  right  ventricles.  The 
T  wave  was  unchanged.  At  8  p.  m.  the  ventricular  rate  was  126  but  by  the 
following  morning  it  had  fallen  to  73. 

Sixth  Day:  The  fibrillatory  waves  were  fairly  coarse  and  the  premature 
beats  had  disappeared;  0.4  gm.  was  given  at  10:15  a.  m.,  1  and  4:55  p.  m. 
At  11:35,  one  hour  and  twenty  minutes  after  the  first  dose,  the  rate  had  risen 
to  91  and  there  were  occasional  right  ventricular  premature  beats.  The  T  wave 
in  Lead  III,  which  was  upright,  showed  a  higher  voltage  than  before.  At 
12:20  the  rate  was  130,  the  curve  showing  auricular  fibrillation  and  impure 
flutter,  and  more  numerous  right  and  left  ventricular  premature  beats.  At 
4:25,  three  hours  and  tv.-enty-five  minutes  after  the  second  dose,  the  rate 
was  128,  the  rhythm  flutter,  and  premature  beats  were  present  as  before.  At 
4 :  45  there  was  again  auricular  fibrillation  and  impure  flutter  with  a  rate 
of  122,  and  at  5:55  reversion  to  coarse  fibrillation  with  showers  of  right  and 
left  ventricular  premature  beats. 

Case  6.      Hosp.No.4127 
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Fig.  7. — Case  6.  Hosp.  No.  4127.  March  25:  Quinidin  sulphate,  0.4  gm., 
at  7,  9  and  11  a.  m. 

9:15  a.  m.,  after  0.8  gm.     Auricular  fibrillation;  ventricular  rate  78. 

1:05  p.  m.,  after  1.2  gm.  Auricular  fibrillation;  ventricular  premature  con- 
tractions (Leads  I  and  II),  coupled  with  the  usual  ventricular  complexes; 
ventricular  rate  90. 

Seventh  Day :  The  ventricular  rate  at  9 :  30  a.  m.  v/as  70.  There  was  coarse 
fibrillation  with  occasional  right  and  left  ventricular  premature  beats ;  0.4  gm. 
was  given  at  11 :  30  a.  m.,  1 :  30  and  3 :  30  p.  m.  There  was  a  gradual  increase 
in  rate  which  at  6  p.  m.  was  111,  but  without  alteration  in  mechanism.  Coarse 
fibrillation  and  right  and  left  ventricular  premature  beats  persisted.  On  the 
following  day,  the  tachycardia  was  still  present,  the  ventricles  beating  at  the 
rate  of  131  at  noon.  There  was  also  a  sharp  rise  in  temperature,  which  at 
4  p.  m.  was  102  F.  Whether  or  not  this  febrile  reaction  bore  any  relation  to 
quinidin  therapy  it  was  not  possible  to  say.  At  the  time  at  which  it  occurred 
the  patient  complained  of  severe  pain  in  the  precordial  region  and  in  the  left 
chest.  The  following  morning  the  temperature  was  again  normal,  the  ven- 
tricular rate  74.     No  more  quinidin  was  administered. 

Case  6.— Female,  aged  23.  Diagnosis:  Chronic  endocarditis  (rheumatic); 
mitral  stenosis  and  insufficiency.  Known  duration  of  fibrillation,  thirteen 
months;  duration  of  cardiac  symptoms,  five  years.  The  patient  received  two 
courses   of  quinidin. 
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First  Course. — Feb.  24  to  28 :  3.6  gm.  was  given  in  five  days.  The  original 
mechanism  vi^as  fine  auricular  fibrillation  with  right  ventricular  preponderance 
and  occasional  right  ventricular  premature  beats.  The  rate  ranged  from  60 
to  80.  The  patient  had  been  receiving  digitalis  in  the  form  of  digitan  for  a 
number  of  days  prior  to  quinidin  therapy. 

First  Day :  0.2  gm.  was  given  at  12  and  2  p.  m.    There  was  no  notable  effect. 

Second  Day:  0.4  gm.  was  given  at  7,  9  and  11  a.  m.,  and  1 :  10  p.  m.  Two 
hours  and  five  minutes  after  the  first  dose  there  were  numerous  right  ven- 
tricular premature  beats  which  were  rhythmically  coupled  with  normal  com- 
plexes. Fifty  minutes  after  the  fourth  dose  the  extrasystoles  disappeared  and 
were  not  again  recorded  for  two  days.  There  was  a  slight  increase  in  rate, 
from  78  to  90. 

Third  Day :  The  rate  was  again  74.  There  were  no  premature  beats.  No 
quinidin  was  given  on  this  day. 

Fourth  Day:    No  quinidin  was  given. 

Fifth  Day:  The  rate  at  9  o'clock  was  62;  0.4  gm.  was  administered  at  9:20 
and  11  a.  m.,  1  and  3  p.  m.  At  noon,  one  hour  after  the  second  dose,  the 
ventricular  rate  was  94  and  remained  at  a  fairly  constant  level,  between  80 
and  90,  thirty  minutes  after  the  fourth  dose.  At  this  time  there  were  paroxysms 
of  ventricular  tachycardia  with  a  rate  of  115,  and  right  ventricular  premature 
beats  of  various  forms.  The  paroxysms  were  still  present  at  5 :  45,  and  at 
this  time  left  ventricular  premature  beats  as  well  as  others  originating  in  the 
right  ventricle  were  noted.  By  the  following  morning  the  ventricular  rate  was 
again  62  and  the  original  mechanism,  namely,  fine  auricular  fibrillation,  was 
present.    No  quinidin  was  given  for  eight  days. 

Second  Course. — April  4  to  6:  3.2  gm.  was  given  in  three  days. 

First  Day:  0.4  gm.  was  given  at  11  a.  m.  and  4  p.  m.  At  3 :  15  the  rate  had 
risen  to  145  and  right  ventricular  premature  beats  were  again  present. 

Second  Day:  0.4  gm.  was  given  at  7:  15  and  11:  15  a.  m.  and  4  p.  m.  The 
rate  remained  at  a  fairly  constant  level  between  80  and  90,  but  at  4 :  IS  right 
ventricular  premature  beats,  which  earlier  in  the  day  had  not  been  present, 
reappeared. 

Third  Day:  0.4  gm.  was  given  at  7:15  and  11:20  a.  m.  and  4  p.  m.  The 
rate  at  8  a.  m.  rose  to  117,  fell  gradually  to  87  at  6  p.  m.,  but  on  the  follow- 
ing morning  was  again  relatively  high,  namely  from  115  to  125.  After  a  lapse 
of  twenty-four  hours,  however,  the  ventricles  were  beating  7?)  times  per  minute. 
No  more  quinidin  was  given. 

Case  7. — Male,  aged  58.  Diagnosis  :  Chronic  myocarditis.  Known  dura- 
tion of  fibrillation,  one  month;  duration  of  cardiac  symptoms,  two  years.  This 
patient  received  3.2  gm.  quinidin  in  five  days.  The  original  mechanism  was  fine 
auricular  fibrillation  with  left  ventricular  preponderance.  He  had  been  in  the 
hospital  prior  to  quinidin  therapy  for  one  month,  during  which  time  he  received 
no  medication.  The  ventricular  rate  during  this  time  was  quite  labile,  ranging 
from  90  to  120. 

First  Day:  March  28:  The  rate  at  9:45  a.  m.  was  120;  0.2  gm.  was  given 
at  10  a.  m.  and  12  noon.  At  2:  15  p.  m.  there  were  right  and  left  ventricular 
premature  beats,  which  by  4 :  20  had  disappeared. 

Second  Day:  The  rate  at  9:14  was  112;  0.4  gm.  was  given  at  10  a.  m., 
12  and  2  p.  m.  At  noon  the  rate  had  risen  to  140  and  there  were  paroxysms 
of  left  ventricular  tachycardia  with  isolated  left  ventricular  premature  beats. 
These  paroxysms  persisted  throughout  the  day,  becoming  longer,  so  that  at 
5 :  30  they  were  almost  continuous. 

Third  Day:  No  quinidin  was  given.  The  record  at  9:25  a.  m.  showed 
3 :  1  auricular  flutter.  At  10 :  40  the  curve  showed  both  auricular  flutter  and 
fibrillation.  At  12:10  there  was  again  pure  flutter,  with  an  occasional  left 
ventricular  premature  beat,  the  ventricular  rate  ranging  from   115  to  120. 

Fourth  Day:  3:1  flutter,  with  ventricular  rate  of  125,  was  still  present  at 
9:07  a.  m. ;  0.4  gm.  was  given  at  10:30  a.  m.  and  2  p.  m.  At  11:38  there  was 
once  again  auricular  fibrillation  and  flutter,  and  at  1:15,  2:1  flutter  with 
ventricular   rate   of   145.     This   mechanism   persisted   throughout   the   day   until 
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4  o'clock,  at  which  time  there  was  2 :  1  flutter,  with  paroxysms  of  left  ven- 
tricular tachycardia. 

Fifth  Day :  At  9 :  05  a.  m.  the  curve  showed  both  impure  flutter  and  fibrilla- 
tion; 0.4  gm.  was  given  at  10:  10  a.  m.  and  2  p.  m.  At  11:30,  one  hour  and 
twenty  minutes  after  the  first  dose,  there  was  3 :  1  flutter  with  ventricular 
rate  of  112.  At  4:  10,  two  hours  and  ten  minutes  after  the  second  dose,  there 
was  2 :  1  flutter  with  paroxysms  of  left  ventricular  tachycardia,  ventricular  rate 
being  132.  A  record  made  at  5  :  05  showed  the  persistence  of  this  mechanism. 
On  the  following  morning  the  flutter  was  still  present,  the  ventricular  rate 
being  120.  Digitalis,  in  the  form  of  digitan,  0.5  gm.,  was  given  at  10  a.  m. 
and  again  at  11  a.  m.  At  11  o'clock  there  was  auricular  flutter  and  fibrillation, 
with  a  ventricular  rate  of  122.  On  the  day  following  the  administration  of 
digitan,  the  ventricular  rate  was  80,  and  fine  fibrillation,  as  it  had  appeared 
before  beginning  quinidin  treatment,  was  again  the  prevailing  mechanism. 

Case  8. — Male,  aged  34.  Diagnosis:  Chronic  endocarditis  (rheumatic); 
mitral  stenosis  and  insufficiency.  Known  duration  of  fibrillation,  three  weeks ; 
duration  of  cardiac  symptoms,  one  and  one-half  years.    The  original  mechanism 
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Fig.  8.  Case  7.  Hosp.  No.  4327.  xMarcli  29;  (Juinidin  sulpliate,  0.4  gm., 
at  10  a.  m.,  12  noon  and  2  p.  m. 

9:14  a.  m.,  control.     Auricular  fibrillation;  ventricular  rate  112. 

12 :  15  p.  m.,  after  0.8  gm.  Auricular  fibrillation;  paroxysms  of  left  ventricular 
tachycardia. 

5 :  30  p.  m.,  after  1.2  gm.  Same  as  12  noon.  Longer  paroxysms  of 
tachycardia. 

March  30:     No  quinidin  given. 

9:25  a.  m.     Auricular  flutter;  ventricular  rate  115;   auricular  rate  345. 

March  31:     Quinidin  sulphate,  0.4  gm.,  at  10:30  a.  m.  and  2  p.  m. 

4:00  p.  m.,  after  1.2  gm.  Auricular  flutter;  paroxysms  of  left  ventricular 
tachycardia;  ventricular  rate   135;   auricular  rate  270. 
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was  fine  auricular  fibrillation.  The  patient  had  been  in  the  hospital  two  weeks 
prior  to  quinidin  therapy  without  medication,  during  which  time  the  ventricular 
rate  ranged  from  90  to  110;  6.2  gm.  quinidin  was  administered  during  an 
eight  da}'  period. 

First  Day:  March  30:  0.2  gm.  given  at  2  and  4  p.  m.,  with  rise  of  ven- 
tricular rate  from  94  to  105. 

Second  Day:  At  9:26  a.  m.  the  rate  was  104  and  there  were  occasional 
left  ventricular  premature  beats;  0.4  gm.  was  given  at  10:15  a.  m.,  12  noon 
and  2  p.  m.  At  11:30  the  fibrillatory  waves  had  become  somewhat  coarser 
and  the  rate  was  110;  at  2:05  the  rate  was  135.  At  4:15  p.  m.  there  was 
impure  flutter  with  a  ventricular  rate  of  120. 

Third  Day:  At  9:  16  a.  m.  the  record  showed  coarse  fibrillation  and  impure 
flutter  with  a  ventricular  rate  of  112.  The  T  wave  in  Lead  II,  which  had 
previously  been  upright  or  diphasic,  was  now  iso-electric ;  0.4  gm.  was  given 
at  10:25  a.  m.,  12  noon  and  2  p.  m.  At  11:52  there  was  impure  flutter  with 
right  ventricular  premature  beats,  and  this  persisted  throughout  the  day,  the 
ventricular  rate  ranging  from  90  to  120.  The  T  waves  in  Leads  II  and  III 
were  variable. 

Fourth  Day :  At  9 :  42  the  ventricular  rate  was  90  and  there  was  coarse 
auricular  fibrillation.  The  T  wave  in  Lead  III,  which  had  before  been  inverted, 
was  now  upright.  Only  one  dose  of  quinidin,  0.4  gm.,  was  given  at  10  a.  m. 
because  of  complaint  by  the  patient  of  epigastric  discomfort. 

Fifth  Daj' :     No  quinidin  was  given. 

Sixth  Day:  The  ventricular  rate  was  120;  0.4  gm.  was  given  at  7:30  and 
11:45  a.  m.,  and  5  p.  m.  There  was  no  significant  change  in  mechanism  but 
the  rate  fell  gradually  to  90  at  3 :  35  p.  m.  The  T  wave  in  Lead  III  again 
was  variable   in   its   direction. 

Seventh  Day:  The  ventricular  rate  was  115,  the  records  showing  coarse 
fibrillation;  0.2  gm.  was  given  at  10:  10  a.  m.,  2,  4,  6  and  8  p.  m.  This  smaller 
and  more  fractionated  dosage  produced  no  notable  effects. 

Eighth  Day:  The  ventricular  rate  was  120.  There  was  coarse  fibrillation; 
0.4  gm.  was  given  at  10:15  a.  m.  and  12  noon.  There  was  no  alteration  in 
mechanism.  Headache,  slight  nausea,  sweating  and  palpitation  induced  dis- 
continuation of  therapy. 

Case  9. — Female,  aged  ZZ.  Diagnosis:  Chronic  endocarditis  (rheumatic); 
mitral  stenosis  and  insufficiency.  Known  duration  of  fibrillation,  two  months ; 
duration  of  cardiac  symptoms,  seven  years. 

This  patient  received  2.4  gm.  quinidin  in  three  days.  The  original  mechanism 
was  moderately  coarse  auricular  fibrillation  with  occasional  left  ventricular 
premature  beats.    The  ventricular  rate  prior  to  therapy  ranged  from  95  to  140. 

First  Day:  March  31:  0.2  gm.  was  given  at  11:30  a.  m.  and  12:30  p.  m. 
There  was   no  noteworthy  effect. 

Second  Day:  The  rate  at  9  a.  m.  was  112.  No  ventricular  premature  beats 
were  recorded ;  0.4  gm.  was  given  at  10 :  20  a.  m.,  12  noon  and  2  p.  m.  At 
12  o'clock  the  rate  had  risen  to  130  and  there  were  numerous  left  ventricular 
premature  beats.  At  2 :  45  impure  flutter  was  present,  with  a  ventricular  rate 
of  170.  At  4 :  45  there  was  impure  flutter  and  coarse  fibrillation,  with  a 
ventricular  rate  of  110. 

Third  Day:  The  ventricular  rate  at  9:12  a.  m.  was  155,  with  occasional 
left  ventricular  premature  beats;  0.4  gm.  was  given  at  10  a.  m.  and  12  noon. 
There  was  no  alteration  in  mechanism.  The  patient  complained  of  severe 
headache  and  of  precordial  pain.  On  the  following  day  digitan,  0.5  gm.,  was 
given  at  11:30  a.  m.  and  again  at  12:30  p.  m.  Twenty-four  hours  later  the 
ventricular  rate  was  62.  Electrocardiograms  showed  a  finer  fibrillation  than 
had  previously  been  noted  at  any  time. 

Case  10. — Female,  aged  46.  Diagnosis:  Chronic  endocarditis  (rheumatic); 
mitral  stenosis  and  insufficiency;  aortic  insufficiency.  Known  duration  of  fib- 
rillation, three  weeks ;  duration  of  cardiac  symptoms,  four  months.  The  original 
mechanism  was  fine  auricular  fibrillation.  This  patient  received  three  courses 
of  quinidin.  Prior  to  the  first  course  her  heart  had  been  brought  fairly  well 
under  the  influence  of  digitalis,  the  ventricular  rate  ranging  from  78  to   100. 
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First  Course. — April  5  to  8 :     Three  gm.  was  given  in  four  days. 

First  Day:  The  ventricular  rate  at  9:45  was  90;  0.2  gm.  was  given  at  12 
fc^nd  3  p.  m.  At  4:55  the  ventricular  rate  was  110  and  there  were  right  ven- 
tricular premature  beats. 

Second  Day :  0.2  gm.  was  given  at  7 :  30  a.  m.,  12  noon  and  4 :  30  p.  m.  There 
was  no  noteworthy  change  in  rate  or  mechanism. 

Third  Day :  0.4  gm.  was  given  at  7 :  30  and  11 :  30  a.  m.  At  9 :  19  ventricular 
rate  was  110  and  the  T  wave  in  Lead  I,  which  had  previously  been  upright, 
was  inverted ;  at  4 :  25,  the  rate  was  120. 

Fourth  Day :  The  ventricular  rate  at  9 :  08  a.  m.  was  100 ;  0.4  gm.  was  given 
at  10:35  a.  m.,  12:30  and  2:45  p.  m.  There  was  a  sharp  rise  in  heart  rate 
to  140  at  2 :  10  p.  m.,  with  gradual  fall  after  4  p.  m.  to  84  the  following  morning. 
The  patient  at  this  time  was  distinctly  uncomfortable.  She  was  dyspneic,  the 
liver  was  large  and  tender,  there  was  epigastric  discomfort,  and  there  had  been. 
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Fig.  9. — Case  10.  Simple  tachycardia  induced  by  quinidin  was  followed  by 
signs  and  symploms  of  heart  failure.     Digitalis  afforded  prompt  relief. 

during  the  ten  days  preceding,  a  gradual  gain  in  weight.  Therefore  during  the 
next  two  days  she  was  given  a  course  of  digitalis  therapy  with  prompt  dis- 
appearance of  symptoms  and  improvement  in  signs.  The  heart  rate  fell  to 
about  70  and  there  was  no  pulse  deficit.  Small  doses  of  digitalis  were  con- 
tinued thereafter  for  sixteen  days. 

Second  Course. — April  27  to  29 :  On  the  seventeenth  day  after  the  first 
course  was  completed,  the  second  course  began;  1.6  gm.  was  given  during  a 
three  day  period. 

First  Day:  The  ventricular  rate  ranged  from  60  to  70;  02  gm.  was  given 
at  12 :  25  and  2  p.  m.    There  was  no  noteworthy  effect. 

Second  Day :     No  quinidin  was  given. 

Third  Day :  The  ventricular  rate  was  55 ;  0.4  gm.  was  given  at  10 :  30  a.  m., 
2:30  and  4:30  p.  m.  At  4  p.  m.  there  were  occasional  right  ventricular  pre- 
mature beats.  At  6  p.  m.  the  rate  had  risen  to  132,  but  fell  gradually  during 
the  night  to  its  former  level  of  60  to  70.  For  three  days  no  more  quinidin 
was   administered. 
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Third  Course. — May  2  to  6:  Four  grams  was  given  during  a  five  day  period, 
and  at  the  same  time  the  patient  received  0.1  gm.  digitan  each  day. 

First  Day :  The  ventricular  rate  was  54.  The  mechanism  was  fine  fibrilla- 
tion as  before;  0.4  gm.  was  given  at  10  a.  m.,  12  noon  and  2  p.  m.  Once  again 
there  was  a  sharp  rise  in  the  ventricular  rate  to  132  at  4  p.  m.,  with  gradual 
subsidence  of  the  tachycardia  and  resumption  of  a  rate  of  50  the  following 
morning. 

Second  Day :     No  quinidin  was  given. 
Third  Day :  0.2  gm.  was  given  at  10  a.  m.,  12  noon  and  2  and  4  p.  m.     No 
significant  effect  in  mechanism  or  rate  ensued. 

Fourth  Day :  The  ventricular  rate  was  62 ;  0.2  gm.  was  given  at  10 :  30 
a.  m.,  12 :  30,  2 :  30,  4 :  30  and  6 :  30  p.  m.  Again,  there  was  no  change  in 
rate  or  mechanism.  The  T  wave  in  Lead  I,  which  previously  had  been  upright, 
was  now  iso-electric. 

Fifth  Day:  The  ventricular  rate  was  62;  02  gm.  was  given  at  10:30  a.  m., 
12 :  30,  2 :  30,  4 :  30  and  6 :  30  p.  m.  As  before  this  greater  fractionation  of 
dosage  caused  no  eflFect  on  rate  or  mechanism. 

Case  11. — Male,  aged  55.  Diagnosis:  Chronic  myocarditis.  Known  dura- 
tion of  fibrillation,  seven  months ;  duration  of  cardiac  symptoms,  one  and  one- 
half  years.  The  patient  was  well  digitalized  before  beginning  therapy.  He 
received  two  courses  of  quinidin.  His  ventricular  rate  prior  to  quinidin  admin- 
istration ranged  from  66  to  75.  The  original  mechanism  was  fine  auricular  fib- 
rillation with  left  ventricular  preponderance. 

First  Course. — June  1  to  3 :  3.2  gm.  was  given  in  three  days. 

First  Day :  0.2  gm.  was  given  at  1 :  40  and  3 :  40  p.  m.  There  was  no  demon- 
strable effect. 

Second  Day:  0.4  gm.  was  given  at  11  a.  m.,  1  and  3  p.  m.  There  was  no 
significant  effect. 

Third  Day :  0.4  gm.  was  given  at  10  a.  m..  12  noon,  2  and  4  p.  m.  There 
was  a  slight  rise  in  the  ventricular  rate,  from  80  to  108  at  6  p.  m.  No  drug 
was  given  during  the  next  two  days. 

Second  Course. — June  6  to  10:  6.8  gm.  was  given  in  five  days. 

First  Day:  0.4  gm.  was  given  at  10  a.  m.,  12  noon,  2  and  4  p.  m.  There  was 
a  slight  rise  in  ventricular  rate,   from  74  to  94. 

Second  Day :  0.4  gm.  was  given  at  10  a.  m.,  12  noon,  2  and  4  p.  m.  The 
ventricular  rate  rose  from  82  at  9:  50  a.  m.  to  105  at  3  p.  m.,  and  there  were  a 
number  of  left  ventricular  premature  beats.  At  4 :  30  p.  m.,  thirty  minutes  after 
the  fourth  dose,  there  were  paroxysms  of  left  ventricular  tachycardia  in  addi- 
tion to  coarser  fibrillatory  waves  in  the  remainder  of  the  electrocardiograms 
and  a  number  of  isolated  left  ventricular  premature  beats. 

Third  Day :  Paroxysms  of  ventricular  tachycardia  were  not  present  in  the 
morning.  The  ventricular  rate  was  88;  0.4  gm.  was  given  at  9:30  and  11:30 
a.  m.,  1 :  30  and  3 :  30  p.  m.  At  12 :  33,  one  hour  and  three  minutes  after  the 
second  dose,  there  were  again  paroxysms  of  left  ventricular  tachycardia  with  a 
rate  of  100,  and  isolated  left  ventricular  premature  beats.  The  same  mechanism 
was  again  present  at  4 :  30  p.  m.  with  a  rate  of  92. 

Fourth  Day:  Paroxysms  of  tachycardia  no  longer  were  present.  There 
were  occasional  left  ventricular  premature  beats.  The  ventricular  rate  was  82; 
0.4  gm.  was  given  at  11  a.  m.,  1,  3  and  5  p.  m.  There  was  a  distinct  rise  in 
the  ventricular  rate,  which  at  8  p.  m.  was  128.  Left  ventricular  premature 
beats  persisted. 

Fifth  Day:  The  ventricular  rate  was  104;  0.4  gm.  was  given  at  11 :20  a.  m. 
At  2  p.  m.  the  ventricular  rate  was  118  and  the  patient  was  decidedly  uncom- 
fortable. He  complained  of  palpitation,  some  precordial  pain,  heaviness  of  his 
head  and  of  vague  epigastric  discomfort.  His  temperature  at  this  time  rose 
to  101  F.  At  2:  IS,  therefore,  digitalis  therapy  was  begun,  with  prompt  reduc- 
tion in  rate  to  69  the  following  day,  with  subsidence  of  fever  and  relief  of 
symptoms. 


A     STUDY    OF    THE    ERYTHROCYTE     CURVE    AT 

VARIOUS     AGES     AND     ITS     RELATIONSHIP 

TO     HEMOGLOBIN     CUR\^E 

LAURENCE    HAMPSON    MAYERS,    A.M.,    M.D. 

CHICAGO 

Numerous  studies  made  on  the  blood  of  new-born  infants  have 
fairly  well  established  the  fact  that  the  number  of  their  erythrocytes  per 
cubic  millimeter  is  much  higher  than  it  is  in  the  adult.  Furthermore, 
a  review  of  the  results  of  hemoglobin  determinations  in  new-born  infants 
shows  a  much  higher  hemoglobin  content  than  is  found  in  adult  life 
The  high  hemoglobin  content  rapidly  falls. 

Williamson,  in  a  spectrophotometric  analysis  of  919  cases,  shows 
in  his  tables  that  the  hemoglobin  of  the  new-born  infant  averages  23.2 
gm.  hemoglobin  per  hundred  c.c.  of  blood.  The  hemoglobin  falls  rapidly 
and  by  the  end  of  the  second  month  the  reading  is  18.3  gm.  At  the 
end  of  the  fifth  month  it  is  13.7  gm.,  and  then  remains  practically 
constant  during  the  next  few  months,  falling  to  12.5  gm.  at  the  end 
of  the  first  year.  From  this  point  up  to  the  sixth  year  there  is  a  steady 
ascent,  when  it  approximates  the  height  of  adult  life. 

Several  factors,  singly  or  in  combination,  may  be  the  cause  of  this 
fall,  i.  e.,  a  sufficient  decrease  in  the  number  of  corpuscles  or  a  decrease 
in  the  hemoglobin  or  a  combination  of  both  phenomena.  For  a  study 
of  the  problem  it  was  necessary  to  establish  this  variation  in  relation 
to  color  index  of  new-born  infants  and  for  the  early  days  and  months 
of  their  lives.  Periods  conforming  to  the  age  periods  of  the  hemoglobin 
curve  were  selected  for  comparison. 

Burker's  Zeiss  hemocytometer,^  an  approved  apparatus  for  the  more 
accurate  counting  of  erythrocytes  than  is  possible  by  the  Thoma-Zeiss 
apparatus,  was  used  in  all  the  counts.  The  principles  involved  are 
somewhat  different  from  those  in  force  with  the  latter  apparatus. 
Hayem's  solution  is  used  as  the  diluting  fluid.  Toison's  solution  is  not 
satisfactory  for  use  with  the  Burker  counting  chamber  as  its  viscosity 
is  too  great.  The  corpuscles  settle  rapidly  in  Hayem's  fluid  as  the 
specific  gravity  of  the  fluid  is  1.015,  whereas  that  of  the  erythrocytes 
is  1.090.  The  Thoma-Zeiss  capillary  pipets  were  used.  The  blood 
was  thoroughly  mixed  with  the  diluting  fluid  within  the  mixing 
chamber  by  tapping  the  pipet  against  the  finger  for  five  minutes. 

In  the  older  counting  chamber  the  floor  of  the  chamber  is  circular 
and  the  counting  is  done  in  the  center  of  this  space.  The  corpuscles 
are,  therefore,  counted  in  the  center  of  a  capillary  circular  film,  where, 
on  account  of  surface  tension,  their  number  is  slightly  greater  than 
elsewhere.    This  source  of  error  is  avoided  in  the  new  counting  cham- 

1.  Burker:    Pfliiger's  Arch.  f.  d.  ges.  Physiol.  107:426,   1905. 
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Fig  l.-The  solid  black  Hn.  indicates  grams  of  hemoglobin  per  100  c  c  of 
blood^in  persons  ranging  in  age  from  one  day  to  --  76 /ears^  Je  ,e  at' on 
line  shows  the  average  erythrocyte  count  at  different  ages  to  show  the  relation 
ship  between  the  number  of  erythrocytes  and  their  hemoglobin  content. 


480  ARCHIVES    OF    INTERNAL    MEDICINE 

ber,  in  which  the  floor  is  represented  by  the  upper  surface  of  a  glass 
25  mm.  long  and  5  mm.  wide,  which  is  rounded  ofif  at  both  ends  and 
divided  into  two  portions  by  a  groove  1.5  mm.  wide  through  the  center. 
At  each  side  of  the  floor  piece,  separated  from  it  by  a  groove,  is  a 
glass  plate  7.h  mm.  x21  mm.,  of  such  height  that  the  space  between 
the  floor  of  the  cell  and  the  cover  glass  placed  across  the  plates  is 
0.100  mm.  A  cover  glass  23  mm.  long  and  21  mm.  wide,  with  rounded, 
polished  edges,  is  used,  so  that  the  rounded  edges  of  the  floor  project 
beyond  it.  The  chamber  is  provided  with  clamps  to  press  the  cover 
glass  firmly  on  both  plates.  The  same  pipets,  counting  chamber  and 
cover  glass  were  used  in  all  this  series  of  counts. 

To  determine  the  accuracy  of  my  blood  enumeration,  I  counted  my 
own  blood  for  five  counts  over  a  period  of  seven  hours.  Eighty  squares 
were  counted.  The  result  of  the  counts  and  a  computation  of  the 
average  error  by  method  of  Gauss  was  as  follows : 

Let  d  equal  the  variation  from  the  average. 

Let  Sd^  equal  the  sum  of  the  squares  of  the  individual  variations. 

Let  Fm  equal  the  average  error  of  the  average  value. 

Let  N  equal  the  number  of  observations. 

No.  of  Count                                       da  d" 

1  530  +1  1 

2  528 —  1  1 

3  531   +2  4 

4  529  0  0 

5  530  +1  1 

529  Average  7  Sd' 

Sd^        7 

FM  =  ± zi:-— 1225=r  ±  1.1 

n  — 1       4 
As  a  further  check  to  determine  the  variation  of  the  blood  from  day 

to  day,  my  blood  was  counted  for  seven  consecutive  mornings. 

Sq.  of  Difference 
No.  of  Count  from  Average 

1  504  4-7  49 

2  471  —26  676 

3  510  +13  169 

4  503  +6  36 

5  529  +2,2  1024 

6  460  —2,7  1369 

7  501  +4  16 

Av.    497  6  I  3339 

556 

V  556  =3  ±  23.6 

The  average  error  =  ±  the       in  which  S  D'  is  the  sum  of  the  square 

Nn  — i| 

of  the  differences  of  the  individual  counts  from  the  average  count  and  N  =z 
the  number  of  counts.    Number  of  counts  is  seven. 

JS  D=        3339 
= =^  ±  23.6 
X  —  1         6 
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Blood  was  obtained  from  the  right  great  toe  in  each  instance.  The 
toe  was  washed  with  alcohol  and  thoroughly  dried.  A  sharp  cataract 
knife  was  used  to  get  a  free  flowing  drop,  without  pressure.  The  first 
drop  was  wiped  away  and  blood  for  the  counting  secured  from  the 
second  drop.  The  children  chosen  were  all  apparently  well  nourished 
and  healthy.  The  cases  were  taken  from  the  maternity  wards  of  Cook 
County  and  St.  Luke's  Hospitals  and  from  private  cases. 

It  is  generally  conceded  that  there  is  a  polycythemia  at  birth  and 
that  there  is  an  increase  in  the  first  twenty- four  hours.  There  is  much 
diversity  of  opinion  as  to  the  actual  number  found  in  a  cubic  millimeter 
of  blood.  The  average  number  of  red  blood  corpuscles  per  cubic  millim- 
eter based  on  the  investigations  of  physiologists  and  pathologists,  is 
5,742,000  red  blood  corpuscles  per  cubic  millimeter  of  blood.  The 
majority  of  the  workers'  conclusions  for  infants  were  based  on  com- 
paratively few  cases.  Hayem  -  and  Sorensen  cite  one  case  each. 
Buchot  and  Dubrisay  ^  show  4,300,000  as  an  average  in  six  cases ; 
Otto,*  four  cases  averaging  6,165,000;  Schwinger,^  5,080,765  and 
Schiff,*'  5,825,000  in  single  counts.  Fehrsen  "  observed  forty  cases — 
mmimum  6,047,000,  maximum  7,250,000.  The  majority  of  these 
observers  used  the  dilution  method  and  counted  with  a  Thoma-Zeiss 
apparatus.  Fehrsen's  forty  subjects  were  examined  on  the  first  and 
tenth  days  of  life.  Only  four  subjects  were  examined  within  the 
first  two  hours  and  nineteen  were  examined  between  the  tenth  and 
twentieth  hours,  with  an  average  of  5,898,000.  Woino  and  Dransky  ® 
observed  twenty-nine  cases.  Seven  of  these  were  not  at  full  term  and 
five  were  pathological.  Six  counts  were  made  on  babies  before  they 
began  to  breathe.  His  conclusions  are  in  general  similar  to  those  of 
Hayem,  Lepin  and  Schifif,  namely,  the  number  of  red  cells  per  cm.  in 
the  newborn  is  considerably  higher  than  in  adults  and  figures  exceeding 
7,000,000  were  often  obtained.  He  was  unable  to  confirm  the  statement 
of  Hayem  and  Lepin  about  the  strict  dependence  between  the  changes 
in  the  number  of  red  cells  and  the  weight  of  the  infant.  This  bears 
out  my  own  conclusions,  as  I  observed  no  relation  between  the  number 
of  red  cells  and  the  weight  of  the  infant. 
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In  my  own  series  of  forty-one  cases,  I  found  an  average  of  7,630,000. 
Thirty-seven  were  taken  at  the  time  of  deHvery  and  four  within  two 
hours  of  deHvery.  Ten  cases  Avere  counted  on  the  second,  eighth  and 
fourteenth  days,  wnth  an  average  of  6,260,000. 

10  cases  14th  day Averaged  5.790 

10      "  One  vear "  5.850  (Boys  and  Girls) 

10      "  Two 'years   "^  5.750        '^        |]  |] 

10      "  Five  to  ten  years "  5.210 

The  highest  count  was  9,610,000  and  the  lowest  was  5,060,000. 
The  findings  are  expressed  graphically  in  Figure  1,  which  shows,  in 
solid  black,  the  number  of  grams  of  hemoglobin  per  hundred  c.c.  in 
persons  ranging  in  age  from  1  to  76  years ;  and  in  the  curved  line,  the 
average  erythrocyte  count  at  the  same  ages.  In  Figure  2,  lines  1,  2 
and  3  represent  the  average,  maximum  and  minimum  red  blood  corpuscle 
count  in  a  series  of  forty-one  cases.  Lines  A,  B  and  C  show  the 
average,  maximum  and  minimum  of  hemoglobin,  represented  by  the 
number  of  grams  of  hemoglobin  per  hundred  c.c.  of  blood. 

The  hemoglobin  richness  of  the  individual  red  corpuscles  is  known 
as  its  color  index.  The  amount  of  coloring  matter,  i.e.,  hemoglobin, 
expressed  in  grams  per  hundred  cubic  centimeters,  in  normal  blood, 
is  considered  to  represent  100  per  cent.  The  average  normal  red  cell 
count,  i.  e.,  5,000,000  for  males  and  4,500,000  for  females,  is  considered 
100  per  cent.  The  color  index  is  determined  by  dividing  the  percentage 
of  hemoglobin  by  the  percentage  of  red  cells.  In  normal  blood  the  color 
index  is  1. 

It  is  at  once  evident  that  four  factors  enter  into  each  estimation  of 
color  index.  Two  of  them  are  constants  and  two  of  them  are  variables, 
which  must  be  accurately  determined  in  each  case.  The  constants  are : 
(a)  The  normal  average  number  of  red  cells  per  cubic  millimeter  of 
blood;  (b)  the  normal  average  number  of  grams  of  hemoglobin  per 
hundred  cubic  centimeters  of  blood.  The  variables  are :  (c)  The  actual 
number  of  red  blood  corpuscles  per  cubic  millimeter  of  blood;  (d)  the 
actual  number  of  grams  of  hemoglobin  per  hundred  cubic  centimeters 
of  blood  in  any  case  under  consideration. 

If  the  results  of  different  observers  are  to  be  compared,  the  same 
standards  for  constants  must  be  employed.  The  averages  that  are 
recognized  in  the  computation  of  color  index  in  adults  cannot  be 
employed  in  determining  the  color  index  of  children.  It  is  immediately 
manifest,  when  one  consults  the  hemoglobin  values  as  established  by 
Williamson's  table,"  that  the  determination  of  color  index  in  children 
is  only  possible  when  the  proper  number  of  grams  of  hemoglobin  for 
the  age  of  the  child  is  employed  as  100  per  cent.    Similarly,  the  average 

9.  Williamson:  Arch.  Int.  Med.  18:505  (Oct.)  1916. 
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Fig  2— Lines  A,  B  and  C  indicate  the  average  amount  of  hemoglobin,  and 
the  average  amount  for  those  having  more  than  the  average  and  also  for  those 
having  less  than  the  average,  for  males  ranging  in  age  from  1  day  to  over  76 
years  Lines  1  2  and  3  show  the  average  number  of  erthyrocytes  and  the 
average  number  for  those  having  more  than  the  average  and  for  those  havmg 
less  than  the  average. 
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number  of  red  cells  obtaining  for  that  age  must  likewise  be  employed 
as  representing  100  per  cent.  In  adult  males  the  ordinary  procedure  of 
using  5,000,000  reds  and  16  gm.  hemoglobin  is  so  nearly  constant  that 
these  figures  may  be  considered  normal  and  will  not  give  appreciable 
variations.  The  actual  normal  fluctuations  in  early  life  make  the  use 
of  any  average  impossible.  ■ 

CONCLUSIONS  m 

1.  The  red  blood  count  in  a  series  of  forty-one  infants,  in  thirty- 
seven  of  whom  it  was  taken  at  time  of  delivery,  averaged  7,630,000. 

2.  The  blood  count  in  children  1  and  2  years  of  age  is  somewhat 
higher  than  in  the  adult,  this  being  in  marked  contrast  to  the  great  drop 
in  hemoglobin  which  is  shown  in  Williamson's  table. 

3.  Inasmuch  as  the  curves  of  corpuscles  and  the  hemoglobin  do  not 
run  parallel  to  each  other,  the  question  is  raised  as  to  whether  the  low 
hemoglobin  values  are  to  be  regarded  as  strictly  normal  or  whether 
it  might  be  altered  by  a  different  plan  of  infant  feeding. 

4.  The  norm  employed  in  determining  the  color  index  of  adults  does 
not  apply  in  determining  the  color  index  of  children  under  10  years 
of  age. 


INTRAVITAM     BONE     MARROW     STUDIES 
PRELIMINARY     REPORT 

PART     I 

DESCRIPTION     OF     A     MARROW     TREPHINE     AND     EXPERIMENTAL 

STUDIES  * 

LAIRD    M.    MORRIS,    M.D.,    and    ERNEST    H.    FALCONER,    M.D. 

SAN     FRANCISCO 

During  the  latter  part  of  1920  one  of  us  (L.M.M.)  devised  a  small 
drill  carrying  an  outer  detachable  casing,  the  purpose  of  which  was  to 
trephine  long  bones  in  order  to  secure  specimens  of  living  bone  marrow 
for  histologic  study.  The  problems  which  were  opened  to  approach  by 
this  new  method  of  study  were  undertaken  jointly  in  1921. 

To  G.  Ghedini  ^  is  conceded  the  credit  of  marrow  puncture  for 
diagnosis  and  prognosis.  In  1910  he  elaborated  on  this  method  of 
diagnosis  in  certain  diseases  of  the  blood  and  presented  to  the  profession 
a  most  comprehensive  article  based  on  his  experience  and  that  of 
others  regarding  the  importance  of  his  procedure.  He  concludes  some 
facts  of  primary  importance ;  namely,  that  disease  of  the  hematopoietic 
system  can  occur  without  changes  in  the  blood  and  that  there  are  many 
variations  between  bone  marrow  findings  and  those  of  the  blood.  That 
furthermore,  severe  pathology  could  be  present  for  some  time  in  the 
hematopoietic  system  without  changes  in  the  blood  picture,  either  pre- 
existing, accompanying,  or  following;  and  that  the  frequency  of  such 
an  occurrence  makes  old  statistics  unreliable  because  of  missed  cases. 
He  advocates  marrow  puncture  as  a  useful  procedure. 

Since  this  method  was  advocated,  we  have  found  references  in  some 
of  the  continental  publications  to  bone  marrow  trephine  as  a  method 
of  diagnosis  in  certain  atypical  blood  diseases,  but  the  English  and 
American  literature  is  decidedly  lacking  in  the  realization  of  the  impor- 
tance of  this  procedure.  We  feel  that  our  experience  with  marrow 
puncture,  although  small,  might  aid  in  placing  this  method  before  the 
profession. 

The  pathologic  conditions  involving  bone  marrow  and  the  diseases 
in  which  bone  marrow  punctures  might  supply  information  of  value 
were  considered  carefully.  Should  the  method  prove  practical,  it  might 
be  used  in  (1)  the  various  types  of  acute  and  chronic  leukemias;  (2) 
atypical    leukemias,    chloroma    and    pseudoleukemia;    (3)    pernicious 


*  From    the    Pathological    Department    and    Medical    Clinic    University    of 
California  Medical  School. 

\.  Ghedini:   Wien.  klin.  Wchnsch.  23:1840,  1910. 
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anemia;  (4)  aplastic  anemia,  unclassified  anemias,  anemias  due  to 
sepsis,  toxic  agents,  and  invasion  of  marrow  by  tumor  formation; 
chronic  hemol>lic  jaundice  and  osteosclerotic  anemia;  (5)  polycythemia 
and  (6)  purpura  and  allied  conditions. 

With  this  field  in  mind,  obviously  the  first  step  was  to  try  out  the 
feasibility  of  this  procedure  by  animal  experimentation.  For  this,  an 
instrument  smaller  but  identical  to  the  one  described  herein  and  drivert 
by  a  reciprocating  hand  drill  was  used. 

DESCRIPTION     OF     MARROW     TREPHINE 

The  small  trephine  instrument  as  reproduced  in  the  accompanying  illustration 
is  drawn  to  scale  and  represents  the  type  used  on  human  beings  for  tibia  puncture. 
The  drill  proper,  an  ordinary  steel  drill  (detempered),  is  embedded  in  a  solid 
steel  base,  the  diameter  of  which  is  identical  with  the  standard  base  of  an 
ordinary  dental  drill.    The  casing  B  bored  from  a  solid  steel  tube  of  the  same 
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Bone  marrow  trephine.     A — Drill.     B — Casing. 


diameter  is  of  slightly  shorter  length  than  the  naked  drill  proper  and  fits  it 
snugly.  The  proximal  circumference  is  longitudinally  cut  and  fits  identically 
into  opposite  grooves  cut  in  the  distal  circumference  of  the  base,  into  which 
the  drill  proper  is  set.  The  distal  circumference  of  the  casing  is  toothed  and 
sharpened  and  cuts  simultaneously,  the  drill  proper  preceding  the  casing  about 
one-eighth  of  an  inch.  The  bone  dust  is  forced  up  the  grooved  drill  inside  the 
casing. 

Technic. — Both  the  drill  proper  and  the  casing  pierce  the  cortex  of  the  bone 
and  enter  the  marrow  cavity.  The  drill  is  then  removed,  leaving  the  casing  in 
the  marrow  cavity  and  protecting  the  same  from  blood  or  other  cellular  tissue. 
In  this  way  it  is  possible  to  obtain  an  uncontaminated  marrow  specimen.  A 
lumbar  puncture  needle  with  approximately  a  third  of  the  diameter  longitudi- 
nally grooved  has  been  used  to  ream  the  marrow  confined  within  the  lower 
portion  of  the  casing  as  it  rests  in  the  marrow  cavity.  The  drill  is  driven  by 
a  dental  engine,  the  puncture  being  readily  accomplished  by  high  speed  and 
slight  pressure.  A  skin  incision  about  1  cm.  in  length  precedes  the  application 
of  the  drill  to  the  bone  (tibia).  The  entire  operation  is  performed  under  local 
anesthesia.    Silk  is  used  to  close  the  skin  wound. 
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W'e  endeavored  to  prove  two  points.  First,  that  living  rabbits  sub- 
jected to  bone  marrow  puncture  will  show  no  untoward  effects  from 
such  an  operation.  Second,  that  marrow  specimens  scooped  through 
the  casing  limiting  the  trephine  opening  will  by  histologic  study  reveal 
the  true  physiologic  or  pathologic  condition  of  the  marrow.  (This 
attempt  is  obviously  Hmited  to  the  cytology  only.) 

From  a  series  of  six  healthy  rabbits,  the  blood  pictures  of  which 
totaled  within  normal  limits  for  red  and  white  blood  cells  and  dift'eren- 
tial  counts,-  femur  punctures  were  made  under  aseptic  conditions  and 
the  marrow  smears  studied  histologically. 

Tcchnic  for  Marrozv  Smears  and  Cultures. — Hie  marrow  specimen 
removed  from  the  casing  is  small  in  amount  and  dries  quickly  when 
exposed  to  the  air.  To  insure  against  cellular  distortion  we  smear  the 
marrow  specimen  immediately  after  its  withdrawal  upon  sterile  cover 
s-ips ;  float  face  downward  in  methyl  alcohol  for  fixation  and  stain  by 
May-Griinwald-Giemsa  and  Wright's  methods.  For  section  compari- 
son, Wolbach's  modification  of  the  Giemsa  method  or  a  combination  of 
May-Griinwald  and  Giesma  stains  was  used  after  the  fixed  marrow 
(two  parts  saturated  mercuric  chlorid  solution  and  one  part  absolute 
alcohol)  had  been  run  down  to  water  and  immersed  in  methyl  alcohol. 

For  cultural  work  we  attempted  aspiration  of  the  marrow  by  a  Luer 
svringe  with  a  nonbeveled  needle.  Difficulty  was  always  encountered  in 
aspiration ;  usually  the  specimen  contained  much  blood  and  little 
marrow.  Such  specimens  may  be  used  for  marrow  cultures  in  bacteri- 
ologic  work  but  are  decidedly  unfit  for  histologic  study.  Thus  far  we 
have  used  the  more  common  culture  mediums  in  our  attempts  to  grow 
organisms  from  such  preparations. 

The  puncture  wounds  healed  without  infection  in  about  two  weeks. 
The  animals  were  then  killed  by  ether  inhalation.  Superficial  examina- 
tion at  the  site  of  the  small  trephine  opening  showed  healing  of 
advancing  degrees.  In  no  case  was  the  pathologic  picture  at  the 
trephine  site  of  any  marked  importance  as  noted  by  the  unaided  eye. 
In  a  single  case  the  wound  (superficial)  was  infected,  but  the  bone  and 
marrow  cavity  was  uninvolved. 

In  all  cases  the  marrow  was  fixed  and  studied  in  section  and  com- 
pared with  the  smears  obtained  during  life.  The  smears  resembled  the 
marrow  sections  as  to  cell  type  and  content.  Allowance,  however,  was 
made  in  smear  preparations  for  mature  red  blood  cells  present,  which 
are  constant  and  vary  according  to  the  number  of  ruptured  sinuses  pro- 
duced by  trauma  in  obtaining  the  marrow. 


2.  There  is  much  normal  variation  in  rabbit's  l)lood. 
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Bunting's  "  experiments  on  rabbits  poisoned  with  saponin  were 
repeated,  in  part,  with  successful  blood  pictures  of  blastic  crises.  Such 
a  series  of  experiments  gave  opportunity  to  study  erythrogenic  activity 
in  both  megaloblastic  and  normoblastic  phases.  Both  marrow  smears 
and  subsequent  sections  showed  a  profound  action  of  the  poison  on  the 
erythroblastic  tissues.  The  activity  of  the  red  cell  elements  was  more 
marked  the  longer  the  animal  was  kept  under  the  influence  of  nonlethal 
doses  of  the  marrow  toxin.  In  all  cases  an  experimental  anemia  was 
produced,  giving  pictures  of  blastic  crises  whenever  saponin  was 
injected  intravenously. 

Following  these  experiments,  we  undertook  others  designed  for  more 
careful  study  of  red  blood  cell  activity.  Selling's  ■*  work  on  rabbits  with 
benzol  was  reproduced,  in  part.  When  a  leukopenia  of  from  two  to 
three  thousand  per  c.mm.  is  produced,  then  injections  of  saponin  bring 
forth  blastic  activity  in  the  blood  interpreted  as  a  profound  toxic  action 
on  the  marrow.  The  regenerative  activity  approaches  a  purer  type  of 
small  and  large  premature  red  blood  cell  elements,  the  leukoblastic  cells 
being  held  largely  in  abeyance  by  the  toxic  action  of  benzol.  It  was  felt 
that  by  so  doing  a  histopathologic  marrow  picture  simulating  primary 
anemia  might  be  approached  more  closely. 

In  our  study  of  tlie  white  blood  cell  elements  we  produced  continued 
leukocytosis  over  varying  periods  of  time  by  making  subcutaneous 
abscesses  (turpentine)  or  infection  of  the  peritoneum.  In  one  rabbit 
small  injections  of  staphylococcus  were  given  intravenously  daily.  In 
some  animals  we  were  successful  in  producing  a  fairly  marked  ( from 
14.000  to  15,000)  leukcocytosis  for  a  week  or  more. 

Our  interpretation  of  the  marrow  smears  and  sections  led  us  to 
believe  that  the  leukopoietic  elements  were  in  predominance,  certainly 
in  marked  contrast  to  the  experiments  with  saponin.  The  marrow 
smears  and  sections  checked  well.  None  of  the  animals  showed 
untoward  results,  although  one  rabbit  was  subjected  to  puncture  four 
times  at  two-day  intervals  for  studv  of  the  developmental  myelocytoses- 
One  animal  sustained  a  spontaneous  fracture  of  the  femur  in  this 
series.^ 

Such  preliminary  work  gave  opportunity  to  study  both  white  and' 
red  blood  cell  activity  in  the  bone  marrow  by  studv  of  smears  obtained. 


3.  Bunting:    J.  Exper.  M.  6:624,  1906. 

4.  Selling:    Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.  51:576,  1911. 

5.  We  attempted  no  work  on  fowl  leukemia.  It  was  felt  that  such  a  condition 
might  well  be  diagnosed  from  a  marrow  puncture,  realizing  in  the  pathology  of 
the  disease  a  marked  myeloid  hyperplasia  in  the  bone  marrow." 

6.  Ellermann:  Verhandl.  d.  Deutsch.  Path.  Gesellsch.  12:224,  1908.  Eller- 
mann  &  Bang:  Ztschr.  f.  Hvg.  u.  Infectionskr.  63:231,  1909.  Schmeisser:  J_ 
Exper.  M.  22:820.  1915. 
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from  the  same  and  to  check  such  preparations  against  microtome  sec- 
tions of  the  same  marrow  in  the  same  phase  of  white  or  red  celled 
hyperplasia. 

These  preliminary  experimental  studies  lead  directly  to  the  field  of 
marrow  pathology  in  the  human,  more  particularly  cellular  activity  in 
the  long  bones. 

CONCLUSIONS 

1.  An  instrument  has  been  devised  for  perforating  the  cortex  of  the 
long  bones  in  animals  and  human  beings  to  obtain  specimens  of  living 
marrow  for  histological  study. 

2.  We  have  demonstrated  on  animals  that  the  method  is  feasible 
and  safe. 

3.  We  feel  that  the  specimens  of  marrow  obtained  by  this  method 
are  satisfactory  for  microscopic  study,  but  occasional  dilution  with 
blood  makes  the  specimen  difficult  to  interpret.  The  smears  from  the 
uiarrow  checked  U])  with  postmortem  preparations  fixed  and  sectioned. 


INTRAVITAM     BOXE     MARROW     STUDIES 

PART  II 

SURVEY     OF     THE     CLINICAL     FIELD  * 

LAIRD     M.     MORRIS,     M.D.,    and     ERNEST     H.     FALCONER,     M.D. 

SAN     FRANCISCO 

In  Part  1  we  demonstrated  that  bone  marrow  puncture  in  animals 
is  a  comparatively  simple  and  harmless  procedure  and  that  it  is  a  feasi- 
ble and  practical  method  of  studying  (in  rabbits)  both  normal  and 
pathologic  bone  marrows,  yielding  nearly  as  much  information  as 
fixation  and  sectioning  of  marrow  obtained  postmortem.  Before  pro- 
ceeding to  the  clinical  application  of  this  method,  on  the  patient,  it 
became  necessary  to  satisfy  ourselves  regarding  certain  questions  that 
were  uppermost  in  our  minds  during  the  experimental  work. 

1.  Can  the  puncture  be  accomplished  ivithout  pain  and  discomfort 
to  the  patient  and  is  it  safe? — After  trying  it  out  several  times  on 
cadavers,  we  became  convinced  that  the  cortex  of  the  tibia  could  be 
pierced  easily  and  quickly.  We  felt  that  it  would  be  a  simple  matter  to 
anesthetize  the  skin  and  periosteum  so  that  the  procedure  would  be 
practically  painless.  The  question  of  safety  will  be  dealt  with  later  but, 
of  course,  the  final  answer  can  only  be  given  after  the  method  has  been 
tried  in  a  large  series  of  cases. 

2.  Can  enough  accurate  data  be  obtained  by  this  method  to  offset  a 
certain  amount  of  unavoidable  discomfort  to  the  patient  and  what  zcill 
the  patient  benefit  by  this  method  of  study? — In  order  to  answer  the 
first  part  of  this  question,  it  was  necessary  to  peruse  the  literature  on 
the  anemias  and  the  leukemias  to  ascertain  whether  previous  investi- 
gators had  felt  a  need  for  this  procedure  in  the  course  of  their  studies 
and,  above  all,  to  find  reported  cases  in  which  we  felt  that  this  method 
would  have  supplied  the  data  necessary  to  make  a  diagnosis  during  life. 
Several  of  these  reported  cases  are  included  in  this  communication.  We 
believe  that  in  certain  types  of  cases  it  is  necessary  to  know  what  is 
taking  place  in  the  marrow  in  order  to  arrive  at  a  correct  diagnosis. 
Regarding  the  possible  benefit  to  the  patient,  it  must  be  acknowledged 
that  in  the  majority  of  cases  it  will  not  afl:'ect  the  final  issue.  Yet  it  must 
be  conceded  that  it  is  only  by  accurate  study  and  recognition  of  bone 
marrow  pathology  during  life  that  we  can  hope  to  arrive  at  means  for 
influencing  such  pathology. 


*  From  the  Pathological  Department  and  Medical  Clinic.  University  of  Cali- 
fornia Medical  School. 
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3.  Will  this  method  be  of  distinct  advantage  over  present  methods 
of  study  Kind  research  in  investigation  of  diseases  of  the  hcmatopocitic 
system f — The  question  is  largely  theoretical  but  we  wish  to  point  out 
what  seems  to  be  a  distinct  advantage  over  past  methods.  We  refer  to 
the  study  and  observation  of  the  efTect  of  certain  drugs  and  elements 
on  the  marrow,  now  that  we  have  a  means  of  directly  observing  these 
effects.  We  feel  that  the  Icukemias  present  particularly  fertile  soil  for 
the  clinical  and  research  application  of  this  method,  and  for  this  reason 
we  have  devoted  considerable  space  to  the  consideration  of  all  the 
different  phases  of  this  field. 

THE     LEUKEMIAS     AND     ALLIED     CONDITIONS 

Present  Status  of  Lcitkeinic  Blood  Study. — Since  1845,  after  the 
independent  descriptions  of  the  clinical  entity  leukemia  by  Virchow  and 
Bennett,  a  vast  amount  of  work  has  established  the  leukemias  on  a  firm 
pathologic  basis.  Theories  and  classifications  have  held  prominence,  to 
be  abandoned  later  as  pathologic  knowledge  became  greater  ( Virchow's, 
Banti's,  Lowitt's  theories).  Even  during  recent  years  the  microchem- 
ical  methods  of  blood  study  (Ehrlich  school)  have  failed  not  only  to 
differentiate  between  types  of  leukemia  (myeloid  and  lymphoid)  in 
certain  cases,  but  have  failed  in  certain  types  of  leukopenic  leukemias 
and  primary  or  secondary  aplastic  anemias.  This  necessarily  must 
occur  in  some  cases  because  blood  study  is,  in  reality,  a  clinical  expres- 
sion of  the  activity  of  the  bone  marrow  not  necessarily  fluctuating  as 
the  cellular  hyperplasia  of  the  marrow  (see  aleukemic  leukemia). 

The  work  of  Schultze  ^  and  others,  regarding  the  oxydase  reaction, 
has  given  a  clinical  method  important  in  the  differentiation  of  lymphoid 
and  myeloid  leukemias  when  such  diseases  present  a  leukemic  or  sub- 
leukemic blood  picture.  Modifications  of  a  granular  stain  of  the 
Romanowsky  type  have  often  failed  to  differentiate  myeloblastic  from 
lymphoblastic  cells  in  their  premature  state,  but  with  the  application  of 
an  oxydase  method  we  are  furnished  with  additional  evidence  which  is 
important  in  its  clinical  application.  If,  however,  we  accept  the  marrow 
origin  of  the  ervthroblastic,  myeloblastic  and  lymphoblastic  cells  from  a 
premature  undifi^erentiated  cell  (Pappenheim,  Maximow,  Alarchand") 
then  the  method  may  fail  if  too  immature  cells  circulate  in  the  blood 
stream. 

Present  Status  of  Leukemic  PatJiology. — With  Neumann,  in  1870, 
came  a  more  correct  knowledge  of  the  pathologic  basis  of  leukemia,  for 
his  dictum  that  no  case  of  leukemia  is  on  record  in  which  a  careful 


1.  Schultze:    Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.  45:127,  1909. 

2.  Alarchand  :    Verhandl.  d.  Deutsch.  path.  Gesellsch.  16,  1913. 
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examination  has  failed  to  reveal  changes  in  the  bone  marrow  is  correct 
in  the  majority  of  cases,  although  the  accumulation  of  carefully  studied 
material  since  that  date  is  large. 

Walz,  Pappenheim  and  Bradenburg  through  their  investigations  arrived  at 
similar  conclusions,  namely,  that  the  bone  marrow  in  every  case  of  leukemia  is  the 
primary  seat  of  the  disease  and  the  origin  of  the  cells  which  give  the  character- 
istic microscopic  appearance  to  the  blood  and  that  the  other  organs  are  only 
secondarily  involved  in  the  general  hyperplasia  of  the  lymphadenoid  tissue  which 
occurs/ 

According  to  Neumann  all  cases  of  leukemia  can  be  differentiated 
by  the  evidence  in  the  bone  marrow.  Naegeli,  Ziegler,  Sternberg*  and 
others  take  exception  to  this.  Naegeli,  contrary  to  the  belief  of  Pappen- 
heim, is  not  of  the  opinion  that  the  origin  of  all  lymph  cells  is  from  the 
bone  marrow,  especially  in  those  cases  showing  large  lymphatic  tumors 
peripherally  and  only  islands  of  lymphatic  tissue  in  the  bone  marrow. 

Cases  of  leukosarcoma  *  fall  under  this  category.  While  the  mar- 
row in  many  cases  is  infiltrated  with  lymphatic  (  ?)  cells  giving  a 
negative  oxydase  reaction  ;  nevertheless,  the  intense  hyperplasia  as  noted 
in  the  bone  marrow  in  leukemia  is  not  described.  Herxheimer  ''  believes 
that  leukosarcoma  is  only  a  stage  of  lymphatic  leukemia ;  Paltauf 
beHeves  the  evidence  against,  while  Sternberg  adheres  to  the  origin  of 
the  tumor  masses  as  being  neoplastic  in  nature  and  considers  the  blood 
picture  as  an  invasion  of  tumor  cells  distinct  from  lymphocytes. 
Webster,''  in  a  review  of  twenty-six  cases,  arrives  at  the  conclusion  that 
the  disease  is  not  neoplastic  in  nature  but  a  direct  response  on  the  part 
of  the  lymphocytes  to  a  chemotactic  influence  exerted  by  the  disease 
causing  agent,  and  the  infiltration  of  lymphocytes  in  the  bone  marrow 
is  comparable  to  similar  cell  accumulations  elsewhere  in  the  body. 

On  the  other  hand,  there  are  cases  of  lymphatic  leukemia  which  run 
their  course  without  clinical  or  pathological  evidence  of  involvement  of 
lymph  glands  or  other  lymphoid  tissue.  Such  a  case  is  reported  by 
Reed  ^  and  later  discussed  by  Ehrlich.  The  lymphoid  tissue  throughout 
the  body  was  unaffected  but  the  bone  marrow  was  practically  entirely 
composed  of  lymphocytes.  Ehrlich  expressed  his  opinion  that  such 
a  leukemia  might  originate  from  any  substratum  of  lymphoid  tissue, 
such  as  that  in  the  skin,  in  the  intestinal  wall,  or  in  the  bone  marrow.' 

Similarly  Domarus  has  described  a  certain  type  which  has  been 
designated    medullary    lymphadenoid    aleukemia    in    which    the    bone 


3.  Reed:   Am.  J.  M.  Sc.  124:653.  1902. 

4.  Sternberg:    Beitr.  z.  Path.  Anat.  u.  z.  allg.  Path.  61:77,  1916. 

5.  Herxheimer:    Muench.  med.  Wchnschr.  60:2506,  1913. 

6.  Webster:   Johns  Hopkins  Hosp.  Bull.  31:458,  1920. 

7.  MacCullum  :    A  Te.xtbook  of  Pathology,  Ed.  2.    W.  B.  Saunders.  Philadel- 
phia, p.  835. 
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marrow  alone  was  primarily  involved.  Recently,  in  other  cases,  the 
same  pathology  in  the  bone  marrow  is  described  with  beginning  changes 
in  the  lymph  glands  and  spleen.-  Ghedini  in  such  cases  has  suggested 
bone  marrow  puncture  as  of  diagnostic  value.  Other  cases  of  acute 
lymphomatoses  run  their  course  under  the  picture  of  a  hemorrhagic 
diathesis  or  a  severe  anemia  without  enlargement  of  lymph  glands  or 
spleen."  Naegeli/"  however,  is  of  the  opinion  that  there  can  be  no 
cases  of  lymphatic  leukemia  in  which  the  hyperplasia  occurs  in  the 
marrow  lymphoid  tissue  alone,  but  that  all  the  lymphoid  tissue  is  ecjually 
involved. 

In  myeloid  leukemia,  in  addition  to  hyperplasia  of  the  bone  marrow, 
the  anlage  of  leukopoietic  tissue  in  extramedullary  situations  usually 
becomes  markedly  hyperplastic.  A  more  modern  conception^'  seems 
to  be  that  myelogenous  leukemia  is  not  simply  a  disease  of  the  bone 
marrow  but  a  disease  in  which  leukopoietic  tissue  of  myeloid  type 
undergoes  proliferation  all  over  the  body  after  the  removal  of  some 
normal  inhibitory  influence.  In  contradistinction  to  lymphatic  leukemia, 
the  lymph  glands  in  the  myeloid  type  seldom  show  myeloid  hyperplasia, 
although  such  has  been  noted  in  the  inter-follicular  tissue  and  lymph 
node  follicles  in  rare  instances. ^- 

The  advocates  of  diagnostic  gland  excision  for  confirmation  of  either 
type  of  leukemia  must,  at  times,  tread  on  uncertain  ground.  This  is 
less,  however,  in  the  lymphatic  type,  unless  there  is  localized  glandular 
involvement. 

It  is  comparatively  simple,  in  the  majority  of  leukemias,  to  arrive  at 
a  correct  diagnosis  if  such  cases  present  leukemic  blood  pictures.  The 
value  of  granular  and  oxydase  stains  is  questioned  as  a  means  of  clinical 
differentiation  in  some  cases.  In  more  recent  years,  however,  we 
recognize  confusing  blood  pictures  in  leukemia  in  certain  phases  of  the 
disease ;  one  in  which  the  white  cells  vary  in  some  particular  from  the 
usual  type  encountered,  or  phases  in  which  the  relative  numbers  of 
immature  white  cells  remain  in  essentially  the  same  preponderance  but 
the  total  count  pictures  a  subleukemic,  aleukemic  or  leukopenic  varia- 
tion. In  all  blood  pictures  of  leukemia  the  relative  immaturity  of  the 
white  cells  is  of  vast  importance.  Contrary  to  the  statement  of  Pinkus 
and  Ehrlich  concerning  relative  lymphocytosis  in  lymphatic  aleukemia, 
H!rschfeld  states  that  some  cases  do  not  show  such  and  are  descrijjed 
as  normal. 


8.  Hirschfeld:    Ergebn.  d.  Inn.  Med.  in  Kinderh.  7:164,  1911. 

9.  Strauch:    Med.  Rec.  86:713,  1914. 

10.  Naegeli:    Leukaemia  und  Pseudoleukaemia.     Wien.,  1913. 

11.  Barker:    Tr.  Ass.  Am.  Phys.  32:46.  1917. 

12.  Citron:    Folia   haematol.   20:1,    1915. 
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\'ariations  of  such  marked  degree  may  lead  to  differences  of  opinion 
regarding  diagnosis.  Furthermore,  the  quahtative  blood  findings  may 
occasionally  fail.  This  is  of  decided  prognostic  importance  in  dealing 
with  cases  of  leukopenic  leukemia  and  aplastic  anemia.  One  such  case 
will  be  reported  later.  In  such  variable  cases  a  bone  marrow  puncture 
offers  opportunity  for  making  a  diagnosis.  A  conclusion  based  on  the 
pathology  of  the  disease  is  our  most  accurate  means  of  diagnosis  at  the 
present  time,  and  the  cellular  content  of  the  long  bone  marrow  is  the 
most  constant  single  pathologic  index  of  either  type  of  leukemia  and  in 
any  phase  of  this  disease. 

Atypical  Cases  of  Leukemia. — In  a  few  cases  reviewed  from  the 
literature  a  marrow  puncture  would  have  been  of  decided  advantage  in 
arriving  at  a  correct  conclusion  premortem.  Our  experience  with  such 
cases  is  small,  only  two  having  come  under  our  observation  for  bone 
marrow  puncture. 

Ewald '"  reports  the  case  of  a  male,  aged  2>7,  with  six  weeks  of  ilhiess, 
intense  anemia,  large  spleen,  no  glandular  enlargement.  Blood  findings  :  hemo- 
globin 28  per  cent.;  red  blood  cells  740,000.  white  blood  cells  800;  differential 
count:  neutrophils,  71  per  cent.;  large  lymphocytes,  2  per  cent.;  small  lympho- 
cytes. 21  per  cent.;  myelocj-tes,  3  per  cent;  transitionals,  3  per  cent.  Necropsy: 
Typical  picture  of  leukemia  with  characteristic  changes  in  the  marrow  and 
organs.  Marrow  smears  contained  large  numbers  of  typical  myelocytes, 
occasional  Ij'mphocyte  and  occasional  nucleated  red  cell. 

Beltz  "  (Case  4)  :  Female,  aged  30.  Remained  in  hospital  five  months  until 
death.  On  admission:  red  blood  cells.  2,270,000;  white  cells,  2,500.  A  later 
count  showed  red  cells,  1,440,000;  white  cells,  2.50O;  the  differential  count: 
neutrophils,  10  per  cent.;  large  lymphocytes,  11  per  cent.;  small  lymphocytes, 
36  per  cent;  large  mononuclear  cells,  10  per  cent;  myelocytes,  none;  premature 
large  mononuclears,  34  per  cent.  Terminally :  white  cells  101,800,  with  78  per 
cent,  premature  large  mononuclear  cells.  Xecropsy :  Long  bone  marrow  brown- 
ish red.  Microscopically,  the  most  numerous  cells  were  myeloblasts.  Findings 
tjpical  of  myeloid  leukemia. 

Sternberg^"  (Case  1)  :  Female,  aged  20.  Ten  days  after  vaccination  com- 
pained  of  fever,  stomatitis  and  hemorrhages.  Examination  showed  a  large 
spleen  and  normal  liver.  Blood  count:  red  cells,  1.950,000;  white  cells,  3,400; 
differential  count:  neutrophils,  12  per  cent.;  lymphocytes,  87  per  cent.;  many 
normoblasts.  Blood  culture :  short  chained  streptococcus.  Xecropsy :  femur 
marrow  firm  and  reddish  color;  smear  showed  occasional  streptococcus,  many- 
large  lymphocytes  and  a  few  small  nongranular  cells  with  negative  o.xydase 
reaction.  A  few  retroperitoneal  lymph  glands  were  enlarged  and  others  on 
the  right  side  of  the  neck.     Diagnosis  :  Lymphatic  leukemia. 

Beltz "  (Case  9):  (Reference  is  made  to  this  case  to  show  the  fallacy  of 
absolute  reliance  on  a  bone  marrow  puncture.)  Female,  aged  43,  died  five  days 
after  admission  to  the  hospital.  Admission  blood  count:  red  cells,  1,440,(X)0; 
white  cells.  12.150;  72  per  cent,  of  which  were  lymphocvtes.  Two  days  later: 
red  cells,  1,370,000;  white  cells,  7,600.  Terminally,  the' whites  rose  to  27,400. 
Necropsy :  Patches  of  red  cellular  marrow  in  the  fatty  marrow  of  the  long 
bones :  histologic  picture  that  of  myeloid  leukemia  but  definite  lymphoid  follicles 


13.  Ewald:    Berl.  klin.  Wchnschr.  43:870,  1906. 

14.  Beltz:    Deutsch.  Arch.  f.  klin.  Med.  113:116.  1913. 

15.  Sternberg:    Wien.  klin.  Wchnschr.  26:553    (June)    1920. 
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noted  in  addition.  It  is  easily  conceivable  that  a  marrow  puncture  in  this  case 
may  have  led  to  incorrect  conclusions,  depending  on  whether  myeloid,  lymphoid 
or  fatty  marrow  was  removed. 

The  converse  of  this  case,  lymphatic  aleukemia  with  stimulation  and 
blood  stream  invasion  of  myelocytes,  makes  a  dififerential  diagnosis 
impossible  ( Hirschfeld  ").  A  marrow  puncture  in  such  an  instance 
might  lead  one  astray  if  such  a  specimen  was  isolated  from  myeloblastic 
islands. 

One  might  argue  in  the  same  manner  regarding  cases  of  so-called 
leukanemia.      Following    Pappenheim,    the   lymphatic    or   myelogenous 


Fig.  1.- — Smear  of  bone  marrow  from  a  case  of  myeloid  leukemia.  Patient, 
aged  12  years.  Specimen  diluted  with  physiologic  solution  of  sodium  chlorid. 
Shows  eosinophilic  myelocytes  and  mitotic  cells  of  the  white  cell  series.  This 
patient  presented  a  leukemic  blood  picture. 

overgrowth  in  the  bone  marrow  is  always  primary  and  the  megaloblastic 
and  normoblastic  activity  are  explained  by  the  leukopoietic  infiltration 
and  crowding  out  of  the  red  cell  elements  the  remainder  of  which 
undergo  a  compensatory  hyperplasia. 

One  of  the  first  of  such  cases  was  described  by  Leiibe  and  Arneth 
(quoted  from  Morawitz  ^*'). 

Male,  severe  anemia,  died  during  third  week.  Blood :  normoblasts  and 
megaloblasts  and  a  slight  increase  in  the  leukocytes,  13  per  cent,  of  which  were 
myelocytes  and  a  few  polymorphonuclear  cells  without  granulation.  Necropsy: 
Myeloid  metaplasia  of  the  marrow  :   liver  showed  no  evidences  of  siderosis. 

These  few  more  or  less  exceptional  cases  are  referred  to  for  com- 
pleteness.    Such  cases  only  exceptionally  alter  the  textbook  picture  of 


16.  Morawitz:    Deutsch.  Arch.  f.  klin.  Med.  88:493,  1906. 
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leukemic  long  bone  marrow  which  is  no  longer  fatty  but  firm,  opaque, 
yellow  gray,  pinkish  gray  or  reddish  and  homogeneous.  {  Figs.  1  and  6). 
The  hyperplasia  is  constant  in  the  long  bones  in  both  the  lymphoid 
and  myeloid  type,  but  we  noted  less  hyperplasia  in  some  cases  in  the 
marrow  of  the  tibia  as  compared  with  the  femur.  In  the  acute  leukemias 
there  is  practically  always  a  very  marked  increase  of  cells  in  the  long 
bone  marrow  but  not  as  constant  as  in  the  chronic  forms.  In  a  few 
cases  only  part  of  the  long  bone  marrow  may  show  infiltration 
(Naegeli^^).     These  cases  are  classed  as  exceptional. 


Fig.  2. — Normal  adult  long  bone  marrow   from  the  tibia.     Subject  aged  18  years. 


APLASTIC     AXEMIAS 

The  experimental  work  of  Blumenthal  and  Morawitz  (quoted  bv 
Kleinschmidt  ^')  in  regard  to  aplastic  anemias  is  of  interest.  They 
found  that  in  dogs  and  rabbits  repeated  blood  lettings  brought  about  a 
disappearance  of  the  erythroblastic  and  myeloid  tissues  with  abundant 
increase  of  the  lymphoid  elements,  that  is,  changes  in  the  bone  marrow 
which  have  close  connection  with  those  of  aplastic  anemia  in  man.    The 

17.  Kleinschmidt:   Jahrb.  f.  Kinderh.  81:1.  1915. 
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increase  of  the  lymphoid  elements  is  of  paramount  importance  and 
their  relative  increase  in  a  leukopenic  blood  brings  the  question  of  a 
leukopenic  leukemia  into  the  dilTerential  diagnosis.  On  clinical  grounds 
one  cannot  distinguish  all  such  cases  from  leukemia.  We  quote  three 
cases  one  of  Hirschfeld.^^  one  of  Engel  and  Lipowsky  and  a  third  of 
Jagie  and  Schiffner.  It  is  felt  that  with  such  pathology  a  bone  marrow 
puncture  would  have  been  of  marked  importance  in  ruling  out  leuko- 
penic leukemia. 


Fig.  3.-Myeloid  leukemia.     Section  taken  from  Ijone  marrow  of  femur. 
Female    aged  28.     Shortly  after  labor  developed  progressive  anemia  with  a 

sVinwincr  almost  cure  lymphocytes,  rarely  a  nucleated  red. 

Ment  Entered  hospita'  with  hemorrhagic  diathesis.    Blood  count    red  blood 
cell!  2OOO.0S0:  hemogfoblin,  18  per  cent.,  no  nucleated  reds  and  leukopenia,  90 


18.  Hirschfeld:    Berl.  klin.  Wchnschr.  43:    545.   1906. 
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per  cent,  of  white  cells  were  lymphocytes.  Death  occurred  on  the  eighth  day 
after  admission.  Necropsy:  Yellow  fatty  marrow  in  the  long  bones.  Ribs 
showed  many  bacteria  and  were  of  dirty  grayish  color.'* 

Female,  aged  18.  Her  illness  dated  three  w-eeks  previously.  On  entering 
hospital:  bleeding,  pallor  and  enlarged  spleen.  Blood  count:  red  cells,  2.000.000; 
white  cells,  10.000,  90  per  cent,  of  which  were  lymphocytes.  Shortly  before  death: 
red  cells,  650,000;  white  cells,  2,400;  hemoglobin,  12  per  cent.;  differential 
count :  74  per  cent,  lymphocytes.  Necropsy :  No  evidences  noted  of 
lymphomatosis.'' 

A  somewhat  similar  case  of  anemia  of  the  aplastic  type  was  one  seen 
by  Dr.  L.  Porter  at  the  Children's  Hospital  in  San  Francisco.  Through 
his  kindness  we  punctured  the  marrow  of  the  tibia  and  were  able  to 
arrive  at  a  correct  diagnosis.     A  synopsis  of  the  case  is  as  follows : 


Fig.  4. — Section  of  bone  marrow  from  femur  from  a  case  of  sepsis  with  purpura. 


C.\SE  1. — R.  J.,  male,  aged  4  years. 

FaDiily  History. — No  hemophilia  ;  mother's  sister  insane. 

Past  History. — Full  term.  6jX  pounds  birth  weight;  normal  delivery.  Influ- 
enza two  years  ago. 

Present  Illness. — Child  was  well  until  a  month  ago  when  he  developed  fever 
during  the  night.  Was  confined  to  bed  for  two  days  and  tired  and  drowsj-  after- 
ward. Seventeen  days  ago  again  had  fever  during  the  night ;  subsequently 
progressively  got  paler.  Three  days  ago  had  a  large  hemorrhage  from  the  nose 
which  could  not  be  stopped  without  packing. 

Physical  Examination. — Well  grown;  markedly  pale  mucous  membranes; 
nares  bloody;  swollen  lips;  cervical  adenopathy;  tonsils  small;  no  stomatitis. 
Heart  and  lungs  negative,  save  for  a  few  rales  at  the  bases.  Spleen  two  fingers 
breadth  below  left  costal  margin;  liver  not  enlarged.  Skin:  No  ecchymoses 
noted.  Blood  count:  Hemoglobin,  32  per  cent.;  red  cells,  1,790,000;  white  cells, 
850;  differential  count:  1  per  cent,  neutrophils,  97  per  cent,  lymphocytes,  2  per 
cent   large  mononuclear  cells;   marked   anisocytosis ;   poikilocytosis ;   achromia; 
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platelets  reduced ;  no  nucleated  reds ;  many  microcytes.  The  admission  tem- 
perature was  40  C.  Remained  elevated  for  five  days  and  dropped  by  lysis.  All 
other  tests  were  negative.  Marrow  puncture  on  the  third  day  showed  an  abso- 
lutely fatty  marrow  devoid  of  marrow  cells.  Xo  myeloid  cells  were  seen  in  any 
of  the  smears.  A  few  lymphocytes,  identical  to  the  type  as  found  in  the  blood 
and  giving  a  negative  oxydase  reaction,  were  noted  in  conjunction  with  normal 
red  blood  cells.  No  blasts  or  giant  cells  seen.  (For  comparison  see  Figure  6, 
leukopenic  leukemia.) 

This  marrow  picture  readily  ruled  out  leukemia  and  was  so  decidely  aplastic 
as  compared  to  the  long  bone  marrow  in  a  normal  child  that  a  tentative  diag- 
nosis of  aplastic  anemia  w^as  made.  Cultures  from  the  bone  marrow  remained 
sterile.  Transfusion  of  citrated  blood  and  iron  was  the  only  means  of  therapy. 
The   hemorrhages   w-ere   arrested,   the   change   in   blood   count    was    remarkable 
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Fig.  5. — Bone  marrow^  from  tibia  of  a  case  of  pernicious  anemia.  The  out- 
lined red  blood  cells  are  a  constant  and  unavoidable  part  of  such  a  postvital 
preparation.     Xote  the  dividing  cells  of  the  red  cell  series. 


and  the  child  left  the  hospital  three  weeks  after  admission  with  much  regained 
strength  and  a  blood  count  as  follows:  Hemoglobin,  65  per  cent.;  white  cells, 
5,300;  neutrophils,  55  per  cent.;  lymphocytes,  35  per  cent.;  and  10  per  cent, 
reticulated  red  cells.  A  later  count,  a  month  after  discharge,  showed  hemo- 
globin, 62  per  cent.;  red  cells,  3.790.000;  white  cells,  11,500;  color  index,  0.81; 
polymorphnuclear  neutrophils,  60  per  cent. ;  eosinophils,  1  per  cent. ;  large 
IjTnphocytes,  none;  small  lymphocytes,  28  per  cent.;  large  mononuclears.  6  per 
cent. ;  myelocytes,  5  per  cent.  Both  macrocytes  and  microcytes  present  with 
moderate  poikilocytosis.  Reticulated  reds,  about  3  per  cent.  The  child  con- 
tinued to  improve  temporarily,  relapsed  and  died  in  the  second  month  of  its 
illness.     X'o  postmortem  was  done. 
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ETIOLOGY     OF     THE     LEUKEMIAS 

Before  concluding  this  brief  resume  on  the  subject  of  leukemias, 
the  etiology  of  the  disease  might  well  be  considered.  Briefly  stated, 
tumor  formation  (Banti)  or  an  abnormal  response  of  the  myeloid  or 
lymphoid  tissue  to  recent  or  latent  infections  are  points  much  discussed. 
Advocates  of  an  infectious  etiology  include  such  men  as  Hertz,  Pappen- 
heim,  Pawlowsky,  A.  Fraenkel,  Ziegler,  Jockman,  Wilbur  and 
Sternberg. 


Fig.  6. — Bone  marrow  smear  taken  from  tibia  in  a  case  of  m3eloid  leukemia. 
Myeloblasts,  myelocytes,  nucleated  red  cells  and  undifferentiated  cells  (stem 
cells)  are  seen.  This  patient  presented  a  leukopenic  blood  picture  and  the  diag- 
nosis was  made  from  the  marrow  smear.    The  patient  was  9  years  of  age. 

That  the  clinical  picture  of  acute  leukemia  with  temperature  eleva- 
tion, stomatitis,  purpura,  hemorrhage,  anemia  and  glandular  and  splenic 
enlargement  constitutes  a  group  which  parallels  certain  of  the  severe 
septic  states  is  not  doubted.  Furthermore,  the  termination  of  many  of 
the  chronic  forms  of  leukemia  may  present  a  similar  picture.  To  such 
an  extent  is  this  true  that  very  recently  Sternberg  ^''  stated  as  his  belief 
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that  acute  leukemias  do  not  exist  as  an  entity  but  are  all  on  a  chronic 
basis.  It  is  thus  important,  following  Naegeli,  to  know  whether  or  not 
the  blood  count  was  normal  previous  to  an  acute  leukemia. 

Various  types  of  organisms  have  been  described  as  occurring  in  the 
blood  or  tissues,  the  seat  of  leukemic  changes.  In  a  far  greater  propor- 
tion of  cases  no  etiology  is  forthcoming.  Sternberg/"  after  isolating  a 
diplostreptococcus  from  some  of  his  cases,  was  unable  to  produce 
leukemic  pathology  in  rabbits.  (  He  likewise  failed  with  staphylococcus 
and  pneumococcus.)  P'appenheim.  Naegeli  and  Hirschfeld  emphasize 
the  fact  that  the  blood  pictures  in  some  cases  of  general  bacterial  infec- 
tion are  identical  with  those  of  actite  myeloid  leukemia,  the  only 
difference  being  the  issue.  These  changes  probably  represent  a  biologic 
reaction  of  the  hemopoietic  system  to  various  nonspecific,  generally 
septic  infections  which,  as  a  rule,  call  forth  a  leukocytosis,  under  certain 
circumstances,  however,  a  myelocytosis. 

Cases  reported  by  Cabot,-"  Jackson  and  Smith, -^  Tiirk  and  Liidke 
(quoted  by  Sternberg^')  are  quoted  as  infectious  states  presenting 
leukemic  blood  pictures  with  recovery.  Even  mechanical  irritation  of 
the  bone  marrow  (multiple  fractures  of  leg — Simon  --)  has  given  rise 
to  a  leukemic  blood  picture.  Other  cases  of  infectious  disease  with 
many  premature  white  cells  in  the  blood,  but  death  occurring  from  the 
disease  per  se,  are  noted  (  Stevens  ~^' ) .  We  have  recently  seen  a  child 
of  12  with  a  well  advanced  empyema  of  the  left  chest  cavity  (strepto- 
coccus) and  48  per  cent,  myelocytes  in  the  blood  smear. 

After  severe  infections  which  normally  call  forth  a  high  leukocytosis 
(pneumonia  for  example)  it  is  not  uncommon  after  the  crises  to  find 
from  4  to  5  per  cent,  myelocytes  in  the  blood.  In  children  this  is  more 
common  and  in  infants  under  1  year;  according  to  Rotch  and  Morse, -^ 
the  presence  of  myelocytes  in  sick  children  is  without  significance.  His- 
tologically, one  finds  at  this  age  the  long  bone  marrow  richer  in  celkilar 
content  than  the  sparsely  cellular  fatty  long  bone  marrow  of  the  adult, 
the  marrow  of  the  ribs  in  older  individuals  giving  origin  to  practically 
all  the  red  and  white  cells   (Fig.  2). 

Wherein  lies  the  difference  in  the  fatal  prognosis  of  the  leukemias- 
and  the  questionable  otitcome  of  septic  states  with  leukemic  blood  pic- 
tures? Is  it  because  in  leukemia  the  marrow  proliferation  is  due  to  a 
disturbance  of  the  mechanism  governing  cell  production  rather  than  a 
response  to  chemiotaxis  in  the  ordinary  sense?    In  this  connection  it  is. 


19.  Sternberg:    Wien.  klin.  Wchnschr.  24:1623,   1911. 

20.  Cabot:    Osier  and  McCrae,  Modern  Medicine,  4:676. 

21.  Jackson  and  Smith:    Boston  M.   &  S.  J.  172:136.  1915. 

22.  Simon:   Am.  J.  M.  Sc.  132:144,  1906. 

23.  Stevens:    Lancet  2:791,  1902. 

24.  Rotch  and  Morse:    Boston  M.  &  S.  T.  152:729.  1905. 
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not  an  uncommon  clinical  observation  to  observe  in  patients  with  mye- 
loid leukemia  suffering  with  intercurrent  infections,  an  aleukemic  or 
subleukemic  blood  picture  and  diminution  in  the  size  of  the  spleen.  \\'c 
recently  observed  a  patient  with  myeloid  leukemia  suft'ering  from 
pneumonia  with  a  blood  count  comparable  in  all  respects  with  the  leuko- 
cytosis of  the  disease  and  with  a  relative  diminution  in  the  size  of  the 
spleen  to  the  extent  that  during  observation  of  the  pneumococcus  infec- 
tion leukemia  was  not  suspected  by  the  attending  physician.  During  the 
postconvalescent  stage,  however,  the  blood  picture  again  became  leuke- 
mic and  the  spleen  increased  markedly  in  size. 

The  pathologic  differentiation  between  bone  marrow  hyperplasia  in 
continued  septic  states  and  that  of  myeloid  leukemia  is  at  times  difficult. 
The  most  outstanding  feature  is  the  degree  of  hyperplasia  of  the 
marrow  (Figs.  3  and  4). 

"Only  by  further  bacteriologic  and  perhaps  protozoologic  studies  of 
the  blood,  bone  marrow,  spleen  and  lymph  glands  of  such  patients  and 
by  animal  inoculation  from  the  tissues  involved  including  bone  marrow 
trephined  from  the  living  bone  can  we  clarify  the  problem."  Following 
Wilbur's  -■'  quoted  suggestion  regarding  the  etiology  of  acute  leukemia, 
marrow  cultures  were  taken  from  two  persons  trephined  during  life  and 
the  material  subjected  to  the  ordinary  cultural  methods.  Each  failed 
to  show  any  bacteriologic  growth.  This  evidence  is  decidedly  incon- 
clusive ;  the  work  is  to  continue  when  opportunity  presents. 

We  are  well  aware  of  the  work  of  Ward  -•'  and  his  arguments  and 
conclusions  against  the  infectious  origin  of  the  leukemias.  At  present 
we  offer  nothing  in  refutation. 

In  conclusion,  we  must  leave  the  field  of  leukemias  as  reviewed.  We 
have  drawn  from  the  literature  certain  atypical  cases,  the  diagnoses  of 
which  might  have  been  made  more  certain  by  marrow  puncture.  Such 
a  series  must  of  necessity  be  grouped  from  reports,  as  individual  expe- 
rience in  a  single  clinic  does  not  cover  such  a  field. 

PRIMARY     ANEMIA,     SECOXDARV     ANEMIA,     POLYCYTHEMIA 

The  question  of  the  value  of  "intravitam"  bone  marrow  studies  in 
pernicious  anemia  was  approached  with  a  conservative  state  of  mind, 
as  we  felt  that  such  studies  would  throw  no  light  on  the  etiology  of  the 
disease.  We  assume  bone  marrow  changes,  in  pernicious  anemia,  as 
being  secondary  to  the  causal  factor  or  factors,  but  we  believe  it  is 
important  in  both  diagnosis  and  prognosis  to  determine  what  is  taking 
place  in  the  bone  marrow.  Such  study  will  improve  our  diagnostic 
criteria  and  serve  to  separate,  at  an  earlier  period,  those  anemias  with 


25.  Wilbur:    T.  A.  M.  A.  65:1255  (Oct.  9)   1915. 
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a  clinical  picture  of  pernicious  anemia  but  due  to  sepsis,  syphilis, 
malaria,  recurrent  hemorrhages,  carcinoma  of  the  stomach,  carcinoma 
and  sarcoma  involving  bone  marrow,  anemias  due  to  intestinal 
parasites,  etc.,  etc. 

That  the  need  of  such  studies  is  felt  may  be  inferred  from  the  state- 
ment by  Minot  -" :  "The  pathology  of  the  bone  marrow  has  not  been 
studied  as  one  might  wish.  Future  studies  may  decide  whether  or  not 
there  is  any  absolutely  distinctive  feature  of  it  that  is  associated  only 
with  pernicious  anemia." 

The  phase  of  this  disease  in  which  bone  marrow  studies  will  proba- 
bly be  of  most  value  is  prognosis.  Our  prognostic  criteria  at  present 
are  dependent  largely  on  blood  studies,  it  being  assumed  that  at  any 
given  period  the  pathologic  elements  in  the  peripheral  circulation  are 
an  index  of  what  is  occurring  in  the  bone  marrow.  Experimental  work 
in  animals,  in  part,  bears  this  out,  notably  the  work  of  Bunting,"^  who, 
by  injecting  ricin  into  rabbits,  was  able  to  reproduce  the  marrow  picture 
of  pernicious  anemia.     The  following  quotation  elucidates  this  point : 

Applying  these  conclusions  to  pernicious  anemia,  it  seems  possible  that  an 
analagous  (to  ricin)  toxin  may  be  present  destroying  red  cells  both  in  the 
circulation  and  in  the  marrow  so  that  in  the  reaction  nucleated  red  cells  are 
used  to  supply  the  deficiency — that  further  action  of  the  toxin  reduces  the 
erythrogenetic  groups  more  or  less  to  the  megaloblastic  centers,  diminishing 
greatly  the  regenerating  power  of  the  marrow  and  resulting  in  a  discharge  of 
megaloblastic  cells  in  the  hasty  effort  to  supply  the  needs  of  the  circulation. 
Thus  the  regular  orderly  development  of  the  groups  of  the  marrow  cells  is 
interfered  with  and  a  short  cut  is  taken  from  the  megaloblast  to  the  macrocyte, 
an  imperfect  immature  cell,  as  shown  by  its  polychromatophilia  and  granular 
basophilia.  In  this  light  it  is  not  difficult  to  see  why  cases  of  pernicious  anemia 
with  few  normoblasts  and  more  megaloblasts  in  the  circulation  are  of  graver 
prognosis  than  those  with  a  large  number  of  normoblasts  and  few  megaloblasts, 
and,  again,  if  one  regards  the  presence  of  nucleated  cells  in  the  circulation  as 
evidence  of  injury  to  the  bone  marrow,  one  has  an  explanation  for  the  "nucleated 
red  cells  crises"-  of  pernicious  anemia  and  leukemia  in  which  the  blood  picture 
resembles  much  that  is  shown  in  ricin  intoxication. 

These  observations  and  deductions  seem  to  Bunting  to  offer  "a  not 
unsatisfactory  explanation  of  the  so-called  reversion  of  the  marrow  to 
the  embryonic  type  in  pernicious  anemia." 

It  has  been  well  established  that  at  times,  and  in  certain  stages  of 
the  disease,  critical  blood  studies  give  fairly  satisfactory  information 
as  to  what  is  occurring  in  the  bone  marrow.  Our  marrow  punctures  in 
pernicious  anemia,  up  to  date,  have  not  yielded  much  information  in 
addition  to  that  gained  from  a  careful  study  of  the  history  of  the  case 
and  careful  blood  studies.  This  was  due,  in  great  part,  to  the  type  of 
case  selected.     We  have  performed  marrow  puncture  in  five  cases  of 
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pernicious  anemia.  In  one  case  three  punctures  were  made,  in  another 
case  two  punctures  were  made,  making  eight  punctures  in  all.  Three 
of  these  cases  showed  a  red  marrow  with  few  cells  and  no  signs  of 
division.  These  three  cases  were  of  long  standing  and  had  been  in  a 
state  of  relapse  for  several  months.  Two  patients  survived  the  last 
puncture  only  about  six  weeks ;  one  lived  for  about  three  months  after 
examination  of  the  marrow.  One  case  presented  a  pinkish  grey  mar- 
row, with  a  moderate  amount  of  cellular  activity  and  very  few 
megaloblasts.  Subsequent  study  and  observation  of  the  case  cast  some 
doubt  on  the  accuracy  of  the  diagnosis  of  pernicious  anemia.  These 
three  cases  with  inactive  marrows  would  seem  to  belong  to  the  class  of 
case  termed  by  Minot  and  Lee  ^^  the  myelotoxic  type.  This  type  of 
case  is  undoubtedly  the  least  promising  for  bone  marrow  study. 

In  the  earlier  types  of  cases  if  the  ratio  between  blood  destruction 
and  cell  regeneration  can  be  estimated  a  fairly  definite  prognosis  can  be 
made.  Various  methods  have  been  devised  to  estimate  hemolysis  or  blood 
destruction.  Bone  marrow  studies  will  give  a  fairly  accurate  conception 
of  the  phase  of  regeneration.  One  of  our  patients,  a  male,  aged  40,  a 
laborer,  belonged  to  the  earlier  type  of  case.  He  had  had  two  very 
satisfactor}^  remissions  in  two  and  one-half  years  since  the  onset  of  his 
illness.  During  these  remissions  he  was  able  to  earn  his  livelihood  by 
manual  labor.  During  the  two  weeks  in  hospital  before  we  saw  him  he 
had  an  intermittent  temperature,  from  one  to  two  degrees  above  normal. 
He  had  urobilin  in  the  urine  and  showed  signs  of  hemolysis.  His  red 
cells  numbered  less  than  two  million  with  a  high  color  index  and  the 
blood  smears  showed  a  moderate  number  of  regenerative  forms.  The 
marrow  smears  showed  a  red  marrow  with  abundant. signs  of  cellular 
activity.  In  Figure  5  some  of  these  cells  are  shown.  We  felt  that  this 
man  would  have  a  satisfactory  remission.  He  left  the  hospital  in  about 
three  weeks  very  much  improved.  We  believe  that  in  this  case  the 
marrow  gave  somewhat  more  accurate  information  than  blood  studies 
had  furnished. 

In  certain  atypical  cases,  marrow  studies  will  probably  be  of  con- 
siderable practical  importance.  For  example,  Ellermann  ^°  has  been 
impressed  in  his  studies  on  the  histology  of  pernicious  anemia  by  the 
presence  in  certain  cases  of  considerable  numbers  of  myelocytes  in  the 
marrow  and  in  the  liver  and  spleen.  He  mentions  myelocytes  as  being 
plentiful  in  the  marrow  in  every  instance  in  his  series  of  twelve  cases 
studied  postmortem.  Minot  ^^  mentions  the  fact  that  there  are  cases 
in  which  a  great  outpouring  of  immature  white  cells  and  blasts  occurs, 
the  white  count  in  some  cases  reaching  as  high  as  50,000,  causing  an 
incorrect  diagnosis  of  leukemia  to  be  made. 
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The  whole  picture  is  much  more  sharply  defined  in  these  cases  if 
one  knows  what  is  occurring  in  the  bone  marrow. 

There  are  other  hemolytic  and  septic  anemias  in  which  bone  marrow 
studies  may  yield  information  of  practical  value.  We  have  studied  the 
marrow  postmortem  in  a  case  of  sepsis  with  severe  hemorrhage  (Fig. 
4).  The  protocol  at  necropsy  stated  that  clinically  the  patient  had  an 
aplastic  bone  marrow,  as  no  regeneration  forms  were  found  in  the  blood. 
Bone  marrow  from  the  femur,  sectioned  and  studied  microscopically, 
shows  a  remarkable  picture  of  activity.  One  or  more  transfusions  in 
this  case  might  have  turned  the  balance  in  favor  of  the  patient. 

It  has  occurred  to  us  in  connection  with  bone  marrow  studies  in 
pernicious  anemia  and  other  anemias  that  certain  vital  staining  methods, 
such  as  employed  by  Evans  ^'^  in  vital  staining  of  endothelial  leukocytes 
might  yield  information  of  value  in  determining  the  origin  of  the  differ- 
ent types  of  cells  found  in  the  marrow.  Such  studies  are  in  progress, 
as  well  as  staining  work  to  determine  the  presence  or  absence  of  deposits 
of  hemosiderin  in  the  marrow  in  pernicious  anemia. 

At  this  point  it  may  be  well  to  call  attention  to  the  fact  that  we  do 
not  advocate  bone  marrow  puncture  in  pernicious  and  other  anemias  as 
a  method  to  supplant  blood  studies,  but  merely  as  an  additional  source 
of  information  in  selected  cases. 

Another  field  of  some  promise  for  the  application  of  marrow  punc- 
ture is  that  of  the  polycythemias.  It  is  usually  possible  clinically  to 
separate  polycythemia  vera  with  splenomegaly  from  symptomatic  poly- 
cythemia. It  will  be  possible  to  collect  data  in  the  former  type  of  case 
bearing  on  the  question  of  whether,  as  suggested  by  some,^^  the  bone 
marrow  is  the  site  of  the  disease.  This  is  a  question  of  some  importance 
as  other  investigators,  notably  Blumenthal,^^  report  cases  in  which  a 
necropsy  was  performed  and  a  fatty  bone  marrow  was  found  showing 
no  alterations.  We  have  investigated  one  case  of  over  two  years'  dura- 
tion with  red  cell  counts  reaching  as  high  as  12,000,000.  This  patient 
had  a  left-sided  hemiplegia  resulting  from  a  cerebral  hemorrhage  and 
also  a  rather  large  hemorrhage  into  the  orbit  on  one  side.  There  was 
no  demonstrable  enlargement  of  the  spleen.  Marrow  puncture  in  this 
case  showed  a  fatty  marrow  with  no  evidence  of  cellular  activity.  The 
whole  question  of  bone  marrow  findings  in  polycythemia  is  in  need  of 
further  study  and  perhaps  revision. 

DISCUSSION 

It  has  been  our  purpose  in  this  preliminary  note  to  present  the 
method,  establish  its   feasibility  and  outline  its  scope  of  usefulness. 


31.  Evans:   Anat.  Rec.  8:98,  99,  1914. 

32.  Weber  &  Watson:    Internat.  Clin.  4:47,  1905. 

33.  Blumenthal :    Bull,  de  I'Acad.  Roy.  de  med.  de  Belgique,  Ser.  19,  1905-4. 
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There  are  certain  phases  of  bone  marrow  study,  certain  possibilities 
that  we  have  had  in  mind  but  have  not  touched  on  in  this  paper.  We 
have  no  data  and  the  considerations  are,  therefore,  purely  theoretical. 
We  refer  to  bone  marrow  cultures  in  septic  anemias  and  in  generalized  j 

sepsis  in  which  organisms  are  not  always  present  in  the   peripheral  ! 

circulation.     Chronic  and  subacute  endocarditis  may  be  taken  as  a  type  \ 

example.  Certain  cases  of  chronic  malaria  in  which  no  plasmodia  can 
be  demonstrated  in  the  peripheral  circulation  may  yield  plasmodia  in  |  >. 

bone  marrow  smears.     We  have  such  a  case  under  investigation  now.  j '{ 

Clinically,  the  patient  presents  an  enlarged  spleen  with  a  leukopenia  and  | 

an  anemia.     There  is  a  past  history  of  syphilis  and  of  malaria.     The  ^ 

possibilities  for  the  employment  of  the  method  are  many  but  it  may  be  | 

argued  that  it  is  too  dangerous  and  too  much  of  a  surgical  procedure  } 

to  be  practical.     We  believe  that  with  ordinary  care  and   asepsis  in  ■  ^ 

technic  the  danger  of  infection  is  very  slight.  With  the  use  of  local 
anesthesia  to  the  skin  and  periosteum  the  patients  do  not  complain  of 
pain  and  discomfort.  It  is  hoped  that  in  centers  where  material  is  avail- 
able for  study,  the  method  will  be  employed  and  data  collected  to 
determine  whether  or  not  it  deserves  a  place  among  recognized  pro- 
cedures for  clinical  investigation. 


THE     BASAL     METABOLISM     IN     NONTOXIC     GOITER 
AND     IN     BORDERLINE     THYROID     CASES 

WITH     PARTICULAR     REFERENCE     TO     ITS     BEARING     IN 
DIFFERENTIAL     DIAGNOSIS  * 

JAMES     H.    MEANS,    M.D.,    and    HARRIET    W.    BURGESS,    A.B. 

BOSTON 

An  extended  study  of  the  basal  metabolism  in  its  relation  to  the 
clinical  features  of  toxic  goiter  ^  has  been  in  progress  in  this  clinic  since 
June,  1914.  As  a  by-product  of  this  work  there  has  been  collected  a 
considerable  amount  of  data  on  patients  with  clinically  nontoxic  goiter 
and  on  patients  without  frank  hyperthyroidism  or  hypothyroidism,  but 
in  whom  the  possibility  of  one  of  these  conditions  was  suspected, 
and  also  on  patients  with  a  variety  of  pathologic  states  not  includ- 
ing the  thyroid.  Since  the  use  of  the  basal  metabolism  determina- 
tion as  a  test  of  thyroid  function  has  come  into  rather  wide  use  in  the 
last  two  or  three  years,  it  has  seemed  to  us  advisable  to  place  these  data 
on  record.  A  large  amount  of  data  on  normal  persons,  which,  as 
regards  the  thyroid  problem,  serves  as  normal  control  data,  has  been 
secured  by  Benedict  of  his  associates.-  Our  own  data  presented  here 
are  in  the  nature  of  pathologic  controls. 

Between  June  10,  1914,  and  Oct.  22,  1921,  one  thousand  patients 
were  observed  in  the  metabolism  laboratory  at  the  Massachusetts  Gen- 
eral Hospital,  and  on  these,  2049  determinations  were  made.  The 
methods  used  have  been  discussed  in  previous  papers.  The  Benedict 
apparatus  has  been  used  from  the  beginning — until  July,  1921,  the 
universal  type,^  since  then  the  portable.*  Up  to  May,  1917,  we  determined 
both  carbon  dioxid  and  oxygen,  and  made  the  calculation  of  heat  produc- 


*  From  the  Medical  and  Surgical  Services  of  the  Massachusetts  General 
Hospital,  aided,  in  part,  by  a  gift  from  Dr.  William  Norton  Bullard. 
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tion  from  the  respiratory  quoteint  obtained.  Since  then  we  have  deter- 
mined oxygen  only  and  used  an  assumed  respiratory  quotient  of  0.82. 
The  Sage  Institute  standards  have  been  used  in  determining  variations 
from  the  normal.^  For  the  purpose  used  we  beHeve  the  above  procedure 
is  sufficiently  exact.  For  certain  problems  in  metabolism  it  might  not  be. 
The  Benedict  apparatus,  despite  various  criticisms  in  the  literature,  has 
proved  highly  satisfactory  in  our  hands.  Boothby  and  Sandiford^ 
have  suggested  that  it  is  not  sanitary.  We  have  never  seen  evidence  to 
substantiate  this,  and  we  should  like  to  point  out  that  with  the  latest 
type  of  apparatus  there  is  no  chance  for  infection.*  The  possible 
sources  of  infection  are  the  mouthpiece  itself,  water  of  condensation 
in  the  tubing,  and  the  air  contained  in  the  apparatus.  The  mouthpiece, 
of  course,  is  always  sterilized  by  everyone.  Water  of  condensation  that 
might  run  back  from  piping  to  patient,  in  the  portable  Benedict 
is  found  solely  in  the  F  shaped  metal  member  to  which  the  mouth- 
piece is  attached.  We  have  adopted  the  custom  of  always  boiling  this 
metal  member  with  the  mouthpiece,  and  recommend  this  practice  to 
others.  The  air  is  entirely  refreshed  between  patients  by  raising  and 
lowering  the  spirometer  bell  several  times. 

In  our  series  of  one  thousand  cases  there  are  included  most  of  those 
cases  of  disturbed  thyroid  function  that  have  come  to  the  hospital  during 
the  period  covered,  for  it  has  become  a  routine  to  follow  the  basal 
metabolism  of  patients  being  treated  for  hyperthyroidism  or  hypothy- 
roidism. We  also  have  a  group  of  borderline  thyroid  cases  in  which 
the  metabolism  was  determined  as  an  aid  in  differential  diagnosis,  a 
series  of  patients  with  blood  diseases,  various  endocrine  diseases  other 
than  those  of  thyroid  origin,  and  a  group  of  miscellaneous  nonendocrine 
conditions.  These  1,000  cases  were  distributed  as  follows:  Clinically 
thyrotoxic,  300  cases ;  clinically  myxedema  and  cretinism,  32  cases ; 
goiters  clinically  nontoxic,  102  cases ;  borderline  cases  in  which  hyper- 
thyroidism was  suspected,  290  cases ;  borderline  cases  in  which  hypothy- 
roidism was  suspected,  70  cases ;  other  endocrine  diseases,  41  cases ; 
blood  diseases  (anemia,  leukemia  and  polycythemia),  66  cases;  mis- 
cellaneous nonendocrine  diseases,  99  cases. 

It  is  our  purpose  at  the  present  time  to  discuss  these  cases  only  in 
so  far  as  they  bear  on  the  question  of  the  value  of  the  determination 
of  the  basal  metabolism  in  the  diagnosis  of  thyroid  activity.  Certain  of 
the  groups  will  be  discussed  in  detail  in  later  papers. 

Subnormal  Metabolism. — We  first  studied  the  occurrence  of  sub- 
normal metabolism.     This  is  generally  considered  one  of  the  cardinal 

5.  Aub,  J.  C,  and  DuBois,  E  F. :  Clinical  Calorimetry;  Nineteenth  Paper.   The 
Basal  Metabolism  of  Old  Men,  Arch.  Int.  Med.  19:823  (June)   1917. 

6.  Boothby,  W.  M.,  and  Sandiford,  I. :  Basal  Metabolic  Rate  Determinations, 
Philadelphia,  W.  B.  Saunders  Co.,  1920. 
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laboratory  signs  of  myxedema  and  cretinism.  Of  the  thirty-two  cases 
of  these  diseases  there  were  twenty-six  which  had  received  no  thyroid. 
All  of  these  twenty-six  cases  showed  a  reduction  below  minus  10  per 
cent,  in  the  metabolic  rate.  The  average  findings  in  the  several  types 
included  in  this  group  are  shown  in  Table  1. 


TABLE  1. — Basal  Metabolism  in  Myxedema  and  Cretinism 

Number  of 
Type                                                           Cases 

Average  Basal 

Metabolic  Rate, 

Per  Cent. 

Spontaneous  myxedema \              16 

Roentgen  ray  myxedema i                4 

—25 
—21 
—17 

Cretinism i               4 

—19 

This  finding,  namely,  that  a  low  metabolism  occurs  in  100  per  cent, 
of  the  untreated  cases  which  show  the  clinical  picture  of  myxedema  or 
cretinism,  would  seem  to  prove  that  a  low  metabolism  is  an  essential 
feature  of  those  diseases. 

We  next  looked  into  the  occurrence  of  subnormal  metabolism  in  con- 
ditions other  than  frank  myxedema  and  cretinism.  After  excluding 
these  conditions,  there  were  found  to  be  sixty-three  cases  with  basal 
metabolic  rates  of  —  11  per  cent,  or  lower.  The  degree  of  reduction, 
and  the  relative  number  occurring  in  each  group,  are  shown  in  Table  2. 


TABLE  2. — Occurrence  of  Subnormal  Metabolism 


Group: 

Number 

of  Cases 

Basal  Metabolic  Rate, 
Per  Cent, 
(inclusive) 

Sus- 
pected 
Hyper- 
thyroid- 
ism 

Non- 
toxic 
Goiter 

Miscel- 
laneous 
Non- 
Endo- 
crine 

Sus- 
pected 
Hypo- 
thyroid- 
ism 

Other 
Endo- 
crines 

Blood 
Dis- 
eases 

Total 

All 
Groups 

Per  Oent. 

—11  to  —12 

—13  to  —14 

—15  to  —16 

—17  to  —18 

—19  to  —20 

— 21  or  less 

5 
3 

2 
1 
0 

1 

3 
2 
1 
0 
0 
0 

5 
2 

1 
0 
0 
0 

8 
3 
2 
0 
0 
2 

3 
3 
7 
3 
1 
3 

1 
0 
0 
0 
0 

1 

25 
13 
13 
4 

1 
7 

40 

20.5 

20.5 
6.5 
1.5 

11 

Total  with  subnormal 

12 

290 

4.1 

6 
102 

5.9 

8 
99 

8.1 

15 
70 

21.4 

20 
41 

48.8 

2 
66 

3.0 

63 

668 

9.3 

lOO.O 

Total  cases  in  group. . . 

Per    cent,    of    group 

with  subnormal  rates 

This  table  shows  that  subnormal  metabolism  in  diseases  other  than 
those  of  the  endocrine  glands  is  distinctly  infrequent.  Of  the  sixty- 
three  cases  studied,  fifty-three,  or  84  per  cent.,  were  either  definitely 
endocrine  or  presented  some  clinical  suggestion  of  endocrine  disease. 
Furthermore,  of  the  ten  nonendocrine  cases,  eight  showed  rates  between 
—   11   and  —  14  per  cent.,  hence  their  degree  of  subnormality  was 
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slight.  Also,  grouping  endocrine  and  nonendocrine  cases  together,  81 
per  cent,  of  all  the  cases  have  rates  between  —  11  and  —  16  per  cent., 
which  is  higher  than  any  of  the  myxedema  averages. 

The  group  of  endocrine  diseases  other  than  thyroid  includes 
suprarenal  and  pituitary  abnormalities,  and  it  is  known  that  in  hypo- 
pituitarism there  sometimes  is  a  reduction  in  the  basal  metaboHsm.^ 
There  seems  also  to  be  one  in  Addison's  disease.*  The  group  of  blood 
cases  shows  that  in  anemia,  polycythemia  and  leukemia,  subnormal 
metabolism  is  a  distinct  rarity. 

Supernorm'al  Metabolism. — In  a  similar  way  we  studied  the  occur- 
rence of  supernormal  metabolism.  Of  the  300  cases  showing  definite 
clinical  signs  and  symptoms  of  hyperthyroidism  (except  in  certain 
instances  after  operation  or  roentgen-ray  treatment)  there  was  but  one 
case  (0.3  per  cent.)  which  failed  to  show  a  metabolic  rate  of  more  than 
-|-10  per  cent.,  and  that  patient  had  very  mild  symptoms. 

The  occurrence  of  supernormal  metabolism  in  the  remaining  cases 
is  shown  in  Table  3. 

TABLE  3. — Occurrence  of  Supernormal  Metabolism 


Group:  Number  of  Cases 

Basal  Metabolic  Rate, 
Per  Cent. 

(inclusive) 

ill 

Sus-     ;  Miscel- 
pected    laneous 
Hypo-       Non- 
thyroid-]  Endo- 
ism     j    crine 

1     Sus- 

Other      pected     Blood 

Endo-   '  Hyper-       Dis- 

erines    thyroid-     eases 

ism 

Total 

All 
Groups 

Per 
Cent. 

+61  to  +90 

+41   to  +60 

+26  to  +40 

+19  to  +25 

+15  to  +18 

+11  to  +14 

0 
0 
0 
0 

1 

12 

0 
0 
1 
3 
2 
3 

0 
0 

2 
5 
5 
8 

0 
0 
1 
3 
1 
5 

0                2 

6              10 

17                9 

22              10 

27      :          8 
33                6 

2 

16 
30 
43 

44 
67 

1 
8 
15 
21 
22 
33 

Total   with   sui)ernor- 
mal  rates 

13               Q              ■~>(\             in            lA.^             is 

202 
668 

5A9 

lOO 

Total  cases  in  group. . . 

Per    cent,     of    group 
with        supernormal 
rates 

102 
I''.  7 

70              99 

19  Q                9fi  9 

41 

91  i 

290      ,        66 

Sfi  9                RS  1 

Aside  from  clinical  hyperthyroidism,  the  greatest  incidence  of 
supernormal  metabolism  is  in  the  group  of  blood  diseases.  This  is 
consistent  with  the  findings  of  several  observers  that  there  is  practically 
always  an  increase  in  leukemia  ®  and  not  infrequently  in  the  severe 


7.  Boothby,  W.  M. :  The  Basal  Aletabolic  Rate  in  Hyperthyroidism,  J.  A. 
M.  A.  77:252  (July  23),  1921. 

8.  Aub,  J.  C. :  An  unpublished  research. 

9.  The  literature  on  this  point  is  summarized  by  Murph}-,  J.  B.;  Means,  J.  H., 
and  Aub,  J.  C. :  Clinical  Calorimetry;  Twent}-- third  Paper.  The  Effect  of  the 
Roentgen  Ray  and  Radium  Therapy  on  the  Metabolism  of  a  Patient  with 
Lymphatic  Leukemia.  Arch.  Int.  Med.  19:890  (June)  1917.  See  also  Gunderson, 
A.  H. :  The  Basal  Metabolism  in  Myelogenous  Leukemia  and  Its  Relation  to 
the  Blood  Findings,  Boston  M.  &  S.  J.  185:785,  1921. 
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anemias. ^°  The  group  showing  the  next  greatest  incidence  is  that  of 
cases  not  presenting  the  full  cHnical  picture  of  hyperthyroidism,  but 
some  suggestion  of  that  condition.  This  is  not  surprising.  Of  the 
other  endocrine  24.4  per  cent,  show  slight  elevations. 

The  twenty  cases  (20.2  per  cent.)  out  of  ninety-nine  in  the  mis- 
cellaneous nonendocrine  group  need  some  comment.  There  were  two 
cases  each  with  a  rate  of  +  26  per  cent,  (none  higher).  One  of  these 
patients  was  a  woman  seven  months  pregnant.  When  seen  four  months 
later  during  lactation  the  rate  was  +13  per  cent.  The  other  patient 
with  a  rate  of  -|-  26  per  cent,  did  not  keep  absolutely  quiet  during  the 
test.  One  patient  with  a  rate  of  -|-  23  per  cent,  had  malignant 
lymphoma  of  the  neck.  Two  weeks  later  after  vigorous  roentgen-ray 
treatment  her  rate  was  -|-  14  per  cent.  Another  patient  with  a  +  23 
per  cent,  rate  had  paralysis  agitans.  It  was  thought  that  the  tremor 
might  well  explain  this  elevation,  as  a  week  later  when  he  was  quieter 
it  was  — 2  per  cent.  Rates  of  -|-  21  per  cent,  were  found  in  a  case  of 
osteitis  deformans  and  in  one  of  questionable  chlorosis.  A  second  test 
on  this  patient  three  months  after  the  first  test  showed  a  rate  of  +14 
per  cent.  In  one  case  of  paroxysmal  tachycardia  during  the  paroxysm 
there  was  a  rate  of  -\-  20  per  cent.  The  remaining  thirteen  cases  had 
rates  not  higher  than  +  18  per  cent.  Their  supernormality,  therefore, 
was  slight. 

Nontoxic  Goiter. — Coming  now  to  the  group  of  102  clinically  non- 
toxic goiter  cases,  the  average  basal  metabolism  rate  was:  with  regard 
to  sign,  +  2  per  cent.,  and  without  regard  to  sign,  ±  6.4  per  cent. 
As  we  have  pointed  out  elsewhere,^^  in  making  averages  of  this  sort 
the  average  with  regard  to  sign  indicates  whether  there  is  a  positive  or 
negative  bias  in  the  series  (in  this  instance  a  very  slight  positive  one), 
and  the  average  without  regard  to  sign,  the  general  degree  of  normality 
of  the  series,  as  shown  by  the  prevailing  magnitude  of  the  variations. 
This  series  of  nontoxic  goiters  from  the  metabolism  point  of  view 
shows  a  very  high  grade  of  normaHty.  It  compares  in  that  respect  very 
favorably  with  a  group  of  thirty-one  normal  men  studied  by  Carpenter 
et  al.^  This  latter  group  showed  average  rates  as  follows :  with  regard 
to  sign,  — 1.7  per  cent. ;  without  regard  to  sign,  ±5.1  per  cent. 

A  result  such  as  this  in  nontoxic  goiter  makes  one  wonder  whether 
the  thirteen  of  these  102  cases  that  showed  rates  greater  than  +  10  per 


10.  Meyer,  A.  L.,  and  DuBois,  E.  F. :  The  Basal  Metabolism  in  Pernicious 
Anemia.  Clinical  Calorimetry,  No.  15,  Arch.  Int.  Med.  17:965  (June),  1916. 
Tompkins,  E.  H.,  Brittingham,  H.  H.,  and  Drinker,  C.  K. :  The  Basal  Metab- 
olism in  Anemia,  with  Especial  Reference  to  the  Effect  of  Blood  Transfusion 
on  the  Metabolism  in  Pernicious  Anemia,  Arch.  Int.  Med.  23:441   (April)    1919. 

11.  Means,  J.  H.,  and  Woodwell,  M.  N. :  Remarks  on  Standards  for  Normal 
Basal  Metabolism,  Arch.  Int.  Med.  27:608  (May)  1921. 
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cent.,  or  the  six  that  were  lower  than  — 10  per  cent.,  were  not  really 
suffering  from  either  a  mild  grade  of  hyperthyroidism  in  the  first 
instance  or  of  hypothyroidism  in  the  second  instance. 

We  searched  further,  to  see  whether  the  different  types  of  nontoxic 
goiter  showed  any  constant  tendencies,  but  without  finding  any  such. 
The  series  was  divided  into  several  subgroups,  and  the  average  rates 
obtained  are  shown  in  Table  4. 


TABLE  4.— Nontoxic 

Goiter 

Type 

Number  of 
Cases 

Metabolism 

Variation  With 

Regard  to  Sign, 

per  Cent. 

Metabolism 

Variation  Without 

Eegard  to  S.ng, 

per  Cent. 

38 
11 
37 
16 

+2.V 
+1.2 
+1.1 
+2.1 

-+6.9 

Cystic.                      

-(-5.0 

-F6.3 

Diffuse  enlargements  in  adolescents 

-t-7.1 

There  was  no  conspicuous  tendency  for  the  cases  showing  sub- 
normal or  supernormal  rates  to  fall  exclusively  into  any  of  these 
subgroups. 

Suspected  Hypothyroidism. — The  average  figures  for  the  group  of 
seventy  patients  who  clinically  were  suspected  of  having  hypothyroidism, 
but  in  whom  the  entire  picture  of  frank  myxedema  was  lacking,  were : 
with  regard  to  sign,  — 1.4  per  cent.;  without  regard  to  sign,  ±8.7 
per  cent. 

The  negative  bias  here  is  slighter  than  the  positive  bias  in  the 
previous  group,  but  there  is  a  larger  proportion  of  cases  with  abnormal 
metabolism.  Nine,  for  example,  show  rates  of  +11  per  cent,  or 
higher,  and  fifteen  show  rates  of  —  11  per  cent,  or  lower.  A  certain 
number  of  low  rates  we  should  expect,  but  the  high  ones  are,  perhaps, 
a  little  surprising,  but  if  we  examine  them  closely  we  can  in  several 
instances  find  adequate  explanations.  For  instance,  one  case  with  a 
rate  of  -\-  26  per  cent,  had  some  signs  suggesting  myxedema,  but  others 
suggesting  acromegaly.  A  second  with  a  rate  of  +  24  per  cent,  had  a 
picture  suggesting  myxedema,  but  was  taking  large  doses  of  thyroid  at 
the  time  the  test  was  made.  A  similar  explanation  can  be  found  for 
one  of  the  cases  showing  a  rate  of  -j-  15  per  cent. 

Suspected  Hyperthyroidism. — The  last  group,  that  of  cases  sus- 
pected for  some  clinical  reason — nervousness,  tachycardia,  or  other  such 
manifestation — of  having  hyperthyroidism,  showed,  as  is  not  surprising, 
a  somewhat  greater  variation.  There  were  290  cases  in  this  group,  and 
the  average  rates  were:  with  regard  to  sign,  -f-  7.1  per  cent.;  without 
regard  to  sign,  ±  10.2  per  cent. 
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Here  there  is  a  somewhat  greater  bias  (positive)  than  we  have  met 
before,  but  still  it  is  not  so  very  large.  The  individual  variations  too 
tend  to  be  larger  than  in  the  previous  two  groups.  For  example,  there 
are  105,  or  36  per  cent.,  which  show  rates  higher  than  -{-  10  per  cent., 
and  twelve,  or  4  per  cent.,  with  rates  lower  than  — 10  per  cent.  A 
survey  of  the  twelve  with  subnormal  metabolism  shows  that  they  were 
all  cases  in  whom  the  suggestion  of  hyperthyroidism  was  very  slight. 
They  were  a  type  in  which  hyperthyroidism  was  a  possibility  in  the 
mind  of  the  clinician  rather  than  a  probability,  and  the  metabolism  test 
was  made  for  exclusion  only.  Coming  now  to  the  105  with  supernormal 
metabolism  we  find  that  forty-four  of  them  have  rates  between  +11 
per  cent,  and  +16  per  cent.,  sixty  between  +11  per  cent,  and  +  18 
per  cent.,  and  eighty-two  between  +11  per  cent,  and  +25  per  cent. 
Seventy-eight  per  cent.,  therefore,  showed  elevations  of  a  slight  grade 
only.  A  further  investigation  shows  that  of  the  105  cases,  seventy-five, 
or  71  per  cent.,  had  but  one  metabolism  test  performed.  An  analysis  of 
these  105  cases,  case  by  case,  is  hardly  worth  while.  A  considerable 
proportion  of  them  very  likely  really  were  suffering  from  hyperthy- 
roidism. The  rest  were  cases  of  psychoneurosis,  effort  syndrome, 
organic  heart  disease,  in  which  because  of  nervousness  or  tachycardia 
or  some  such  sign  the  clinician  wished  to  exclude  thyrotoxicosis.  Of 
the  thirty  cases  in  which  more  than  one  test  was  made,  there  were  ten 
in  which  a  second  test  was  performed  within  a  fortnight  after  the  first. 
In  each  case  the  second  test  was  lower,  the  average  of  the  first  tests 
being  +  37  per  cent.,  and  of  the  second  +  18  per  cent. 

DISCUSSION 

Our  object  here  has  been  to  shed  light  on  the  merit  of  the  determina- 
tion of  the  basal  metabolism  as  a  functional  test  of  the  thyroid.  On 
this  problem,  of  course,  only  indirect  evidence  can  be  had  from  human 
beings.  Our  findings,  however,  in  nontoxic  goiter  and  borderline 
thyroid  cases,  added  to  those  already  recorded  in  the  literature,  we 
believe  furnish  some  indirect  evidence  of  value. 

In  the  first  place,  it  seems  clear  that  in  untreated  myxedema  and 
cretinism  there  is  invariably  a  subnormal  metabolism,  the  average  rate 
in  our  twenty-six  cases  being  — 23  per  cent.  After  treatment  with 
thyroid  the  rate  rises  toward  normal. 

In  the  second  place,  in  patients  showing  definite  clinical  signs  of 
hyperthyroidism  there  is  invariably  a  supernormal  metabolism,  and  as 
has  been  shown  elsewhere,  the  degree  of  elevation  runs  roughly  parallel 
to  the  intensity  of  the  symptoms  and  signs.^ 

Of  course,  it  may  justly  be  said  that  to  consider  metabolic  rates 
varying  more  than  10  per  cent,  above  or  below  the  standard  abnormal. 
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and  those  that  vary  less  than  10  per  cent,  not  abnormal,  is  an  entirely 
arbitrary  procedure.  It  is  arbitrary  but,  nevertheless,  reasonable.  A 
line  must  be  drawn  somewhere  for  purposes  of  analysis.  This  10  per 
cent,  limitation  covers  the  known  facts  very  satisfactorily,  therefore,  its 
use  serves  a  good  purpose.  But  in  interpreting  the  significance  of  basal 
metabolic  rates  in  patients  it  must  be  borne  in  mind  that  there  is  no 
absolute  line  of  demarcation  between  normal  and  abnormal  metabolism. 
We  should  have  no  hesitancy  in  saying  that  a  rate  of  --|-  80  per  cent, 
(provided  there  was  no  technical  error),  or  one  of  —25  per  cent., 
was  pathologic,  but  we  could  not  say  so  with  certainty  in  regard  to  one 
of  +  16  per  cent,  or  — 14  per  cent. 

A  certain  number  of  patients  with  other  kinds  of  endocrine  disease, 
pituitary,  suprarenal,  etc.,  show  subnormal  metabolism,  but  in  persons 
without  clinical  evidence  of  endocrine  disease,  subnormal  metabolism 
is  distinctly  uncommon,  and  when  it  does  occur  the  degree  of  depression 
is  slight  as  compared  with  frank  myxedema  and  cretinism. 

Supernormal  metabolism  in  conditions  other  than  clinical  thyro- 
toxicosis is  more  frequent.  It  nearly  invariably  occurs  in  leukemia,  and 
often  in  the  severe  anemias  and  polycythemias.  Except  in  the  group  of 
blood  diseases,  the  elevation  is  generally  slight  as  compared  with  toxic 
goiter.  It  should  be  pointed  out  that  fever  is  often  accompanied  by 
an  elevation  of  the  basal  metabolism,  but  the  present  analysis  is  based 
on  afebrile  patients. 

Our  series  of  102  patients  with  goiter,  but  without  clinical  signs  or 
symptoms  of  hyperthyroidism  or  hypothyroidism,  shows  nearly  as  high 
a  grade  of  normality  as  does  Carpenter's  series  of  normal  men.  Our 
average  for  the  group  was  +  2.04  per  cent.  It  is  also  interesting  to  note 
that  Boothby  "  with  an  entirely  different  technic  got  an  average  of  -]-  2 
per  cent,  in  a  series  of  254  similar  cases. 

In  other  words,  in  clinical  hyperthyroidism  we  find  increased  metab- 
olism, in  clinical  hypothyroidism  decreased  metabolism,  and  in  goiter 
clinically  nontoxic  we  find  an  essentially  normal  metabolism.  One 
might  ask,  therefore,  whether  the  determination  of  the  metabolic  rate 
added  anything  to  our  knowledge  of  such  cases.  Perhaps  it  does  not, 
in  so  far  as  diagnosis  is  concerned,  except  to  add  a  quantitative  impres- 
sion of  the  severity  of  the  disease  which  is  of  distinct  help  in  following 
its  course  and  the  effect  of  treatment.  It  is  in  the  borderline  group  of 
cases,  that  is  to  say,  those  cases  with  symptoms  or  signs  that  suggest 
the  possibility  of  abnormal  thyroid  function,  that  the  metabolic  rate 
determination  really  helps  in  diagnosis. 

Our  group  of  cases  of  suspected  hypothyroidism,  on  the  whole, 
shows  a  high  grade  of  normality  of  metabolic  rate,  and  of  the  patients 
that  did  have  subnormal  rates  several  showed  improvement  in  symptoms 
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on  being  given  thyroid.  In  the  group  of  suspected  hyperthyroidism 
cases  there  is  a  higher  incidence  of  abnormal  metaboHsm,  but  even  here 
two  thirds  of  the  cases  were  within  the  normal  range.  Whether  the 
remaining  third  showing  supernormal  rates  were  really  thyrotoxic  we 
cannot  say.  We  feel  that  probably  many  of  them  were,  their  clinical 
pictures  being  highly  suggestive. 

We  must  point  out  that  with  many  of  our  patients  (that  is  to  say, 
in  those  where  the  test  was  made  for  diagnostic  purposes)  a  single  test 
only  was  performed.  There  is  no  doubt  that  the  first  test  in  certain 
subjects,  particularly  those  at  all  alarmed  by  the  procedure,  does  not 
give  a  true  basal  value.  The  work  of  Aub  and  his  associates  ^^  suggests 
that  this  may  be  due  to  an  increased  flow  of  epinephrin.  In  doubtful 
cases  second,  and  if  necessary  third  tests  (on  different  days)  should 
be  made.  When  errors  occur,  however,  they  are  always  in  the  direction 
of  giving  too  high  values.  Leaks  in  the  apparatus,  restlessness  or  alarm 
on  the  patient's  part,  all  tend  to  increase  the  observed  metabolism. 

We  feel,  therefore,  that  the  finding  of  normal  rates  in  persons  sus- 
pected of  having  hyperthyroidism  practically  rules  that  condition  out, 
but  the  finding  of  an  elevated  rate  does  not  necessarily  rule  it  in.  The 
safest  procedure  and  one  which  we  carry  out  wherever  possible  is,  on 
finding  an  elevation  in  rate  in  a  person  with  questionable  clinical  picture, 
to  repeat  the  test,  until  a  constant  reading  on  different  days  is  obtained. 
When  a  base  line  for  the  given  patient  is  reached,  then  the  interpreta- 
tion may  be  made.  In  our  experience,  however,  it  is  extraordinary  what 
a  large  proportion  of  patients  show  normal  rates  on  the  first  observation. 
It  is  the  exception  rather  than  the  rule  to  have  to  make  repeated  tests. 
We  should  like  to  emphasize  that  to  get  a  true  basal  rate  in  new  patients 
their  confidence  must  be  secured,  and  all  details  of  technic  carefully 
carried  out.  The  matter  of  complete  rest  and  the  postabsorptive  state 
on  the  part  of  the  patient  are  of  the  utmost  importance.  So  too  is  the 
taking  of  the  body  temperature  and  the  recognition  of  the  elevations  that 
fever  may  cause.  No  one  should  attempt  to  make  metabolism  determi- 
nations who  is  not  familiar  with  the  principles  of  calorimetry  and  the 
why  and  wherefore  of  each  step  in  the  procedure,  and  a  clear  tmder- 
standing  of  the  pitfalls  that  may  occur. 

The  finding  of  subnormal  rates  is  rather  simpler.  A  rate  probably 
cannot  be  lowered  by  extraneous  factors.  Low  rates  mean  abnormal 
metabolism,  they  are  not  open  to  the  possibility  of  being  artefacts,  as 
high  rates  are. 

In  general,  we  feel  from  the  mass  of  data  now  in  the  literature  as 
well  as  from  our  own  experience  that  high  rates  mean  hyperthyroidism. 


12.  Aub,  J.  C. ;  Bright,  E.  W.,  and  Forman,  T. :    Metabolic  Effect  of  Adrenal- 
ectomy on  the  Urethanized  Cat.  Am.  J.  Physiol.  61:349   (July)    1922. 
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provided  a  few  well  recognized  other  causes  for  increased  metabolism, 
leukemia,  anemia,  acromegaly,  fever,  etc.,  are  ruled  out,  and  that  low 
rates  mean  hypothyroidism  provided  hypopituitarism,  Addison's  disease, 
starvation,  etc.,  are  ruled  out.  There  seldom  should  be  any  great 
difficulty  in  excluding  the  conditions  other  than  thyroid  which  alter  the 
matabolic  rate,  they  are  few  in  number  and  present  fairly  obvious 
clinical  signs. 

CONCLUSIONS 

1.  Patients  with  an  outspoken  clinical  picture  of  hyperthyroidism 
invariably  show  increased  metaboHsm,  and  those  with  definite  clinical 
pictures  of  hypothyroidism  invariably  show  decreased  metabolism. 
Those  with  goiters,  but  no  signs  or  symptoms  of  abnormal  thyroid 
function,  for  the  most  part  show  normal  metabolism. 

2.  Patients  with  atypical  or  incomplete  clinical  evidence  of  abnormal 
thyroid  function  may  show  normal  or  abnormal  metabolism.  The 
majority  show  normal  metabolism. 

3.  By  inference  from  the  indirect  evidence  we  believe  that  in  these 
borderline  thyroid  cases,  provided  that  in  the  first  place  a  true  basal  rate 
is  secured,  and,  provided  that  certain  well  recognized  causes  for 
increased  metabolism,  such  as  fever,  acromegaly,  leukemia  and  severe 
anemia  are  excluded,  the  finding  of  an  increased  basal  metabolic  rate 
is  strong  presumptive  evidence  of  hyperthyroidism.  In  a  similar  way, 
provided  that  such  conditions  as  starvation,  hypopituitarism,  and  hypo- 
suprarenalism  are  excluded,  a  low  metabolic  rate  is  strong  presumptive 
evidence  of  hypothyroidism. 

4.  To  that  extent,  then,  the  metabolism  test  is  distinctly  useful  in 
diflferential  diagnosis.  Like  all  other  laboratory  tests  it  should. only  be 
interpreted  with  due  regard  to  all  other  clinical  and  laboratory  findings, 
and  with  due  regard  for  its  limitations  and  pitfalls. 

We  are  indebted  to  Miss  Catherine  Thacher  and  Miss  Margaret  N.  Woodwell 
for  making  a  considerable  number  of  the  metabolism  tests. 


THE     ALKALIMETRY     OF     WHOLE     BLOOD 
SECOND    paper:    the    acid    fixing   power    of   the    blood 

IN     RENAL     DISEASE  * 

JOHN    B.    RIEGER,    M.D.,    and    HUGO    A.    FREUND,    M.D. 

DETROIT 

Our  present  conception  of  the  physiologic  acid-base  equilibrium, 
resting  largely  on  the  work  of  L.  J.  Henderson/  assigns  to  the  kidney 
the  principal  role  in  maintaining  the  normal  alkalinity  of  the  body 
fluids.  So  adequate  is  the  healthy  kidney  in  this  respect  that  the  pro- 
duction of  acid  within  the  body  may  be  increased  to  many  times  the 
basal  amount,  as,  for  example,  during  great  muscular  exertion  and  in 
the  ketosis  of  diabetes  mellitus,  without  sensibly  reducing  the  bicarbonate 
content  of  the  blood. 

Indeed,  from  the  work  of  Straub  and  Schlayer,^  Lewis  and  his 
co-workers,^  of  Peabody,*  Whitney,^  MacNider,*^  Gettler  and  St. 
George,^  Chace  and  Myers,^  and  others,  it  appears  that  no  appreciable 
reduction  of  the  blood  bicarbonate  occurs,  until  the  function  of  the 
kidney,  as  determined  by  the  conventional  tests,  has  been  affected 
gravely.  Acidosis,  defined  as  a  condition  of  lowered  blood  bicarbonate, 
appears,  then,  to  be  of  little  importance  in  the  diagnosis  of  renal 
insufficiency. 


*  The  first  paper,  "The  Alkalimetry  of  Whole  Blood — A  Preliminary  Study," 
by  John  B.  Rieger,  appeared  in  the  J.  Lab.  &  Clin.  M.  5:668  (July)   1920. 
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Hoesslin,'*  Sellards/°  Palmer  and  Henderson/^  however,  from  their 
studies  of  the  effect  of  alkali  administration  on  the  reaction  of  the 
urine,  concluded  that  a  condition  of  acidosis  exists  in  the  incipient 
nephropathies  as  well  as  in  a  great  variety  of  other  pathologic  conditions, 
and  often  occurs  unexpectedly.  This  observation  is  in  harmony  with 
the  findings  of  several  earlier  workers,  who  used  a  much  cruder  method 
of  study — ^titrating  the  alkalinity  of  the  blood  directly,  with  tartaric 
acid  and  litmus  paper.  In  1878,  Canard  ^^  noted  that  the  alkalinity  of 
the  blood  is  increased  following  digestion  and  after  ingestion  of  alkali ; 
decreased,  following  the  ingestion  of  large  amounts  of  acid.  In  1879, 
Lepine  ^^  reported  a  decreased  alkalinity  in  chronic  nephritis,  gastric 
ulcer,  diabetes  mellitus,  and  the  anemias,  and  in  1888  von  Jaksch,^*  as 
the  result  of  an  extensive  investigation,  concluded  that  there  is  decreased 
alkalinity  of  the  blood  in  every  febrile  process ;  that  the  decrease  is 
constant  in  uremia,  diseases  of  the  liver  which  result  in  the  destruction 
of  tissue,  and  in  the  anemias. 

Later,  Palmer  and  Henderson  ^^  studied  the  acid  and  ammonia 
excretion  in  various  nephropathies  and  noted  a  decrease  in  the  total 
titratable  acidity  of  the  urine,  most  pronounced  in  late  glomerular 
disease,  yet  also  to  be  observed  in  the  early  glomerular  and  in  the  degen- 
erative processes.  They  noted  that  the  decrease  was  invariably  due 
to  an  ammonia  deficit,  just  as  Adler  and  Blake  ^^  had  observed  that  the 
amount  of  base  excreted  in  the  urine  of  dogs  fed  hydrochloric  acid 
followed,  in  general,  the  variations  in  the  amount  of  ammonia.  Palmer 
and  Henderson  ^"  concluded,  therefore,  that  the  true  regulator  of  urinary 
acidity  is  to  be  found  in  the  production  of  ammonia,  a  process  which  is 
"not  always  correlated  with  the  other  regulatory  processes  of  the 
kidney."  The  regulation  of  the  hydrogen  ion  concentration  of  the 
blood,  they  believed  to  depend  almost  entirely  on  the  acid  excretion. 
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PHOSPHATE     RETENTION     AND     RENAL       FUNCTION 

That  acidosis  may  at  times  be  due  specifically  to  retention  of  acid 
phosphate  is  shown  by  the  work  of  Greenwald/®  Marriott  and  How- 
land/^  Feigl,-°  Denis  and  Minot  ^^  and  others.  Greenwald  found  that 
the  acid  soluble  phosphorus  in  nephropathies  is  increased  roughly 
parallel  with  the  nonprotein  nitrogen,  while  the  careful  work  of  Denis 
and  Minot  showed  a  retention  of  inorganic  phosphate  by  about  65 
per  cent,  of  the  seventy  nephropathic  individuals  studied,  reaching  ten 
times  the  normal  value  in  fatal  cases  and,  in  general,  closely  following 
the  condition  of  the  patient.  Marriott  and  Rowland  found  the  inorganic 
phosphates  usually  slightly  increased  in  marked  renal  disease,  though 
death  occurred  a  number  of  times  in  such  cases,  without  any  increase 
of  phosphorus  and  without  any  evidence  of  acidosis.  In  certain 
instances  the  phosphoric  acid  was  found  to  be  combined  with  twice  as 
much  of  the  available  base  as  was  the  carbonic  acid,  whereas  in  normal 
conditions  the  base  combined  with  phosphoric  acid  is  only  from  one- 
tenth  to  one-fifteenth  of  that  combined  with  carbonic  acid.  In  mild 
cases  in  which  the  nitrogen  retention  and  the  phenolsulphonephthalein 
elimination  were  not  markedly  afl:"ected,  no  phosphate  retention  was 
observed. 

The  excretion  of  acid  phosphate  by  the  normal  kidney  is  stimulated, 
apparently,  in  all  conditions  in  which  acid  tends  to  accumulate  in  the 
body  fluids.  Thus,  Fitz,  Alsberg  and  Henderson  ^-  and  later,  Under- 
bill and  Bogert  -^  found  an  increased  elimination  of  phosphates  in 
rabbits  fed  with  hydrochloric  acid.  Underbill  and  Bogert  ^*  also  noted 
that  diets  producing  acid  urines  in  these  animals  increased  the  elimina- 
tion of  phosphates  through  the  kidney, -while  diets  producing  alkaline 
urines  forced  a  greater  elimination  by  gut,  an  observation  that  has 
been  made  on  a  great  varietv  of  animals  bv  other  workers  and  which 
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probably  forms  the  basis  for  the  milk  treatment  of  renal  insufficiency 
as  it  is  practiced  today.  When  injected  subcutaneously  into  rabbits 
Underbill  and  Bogert  recovered  from  70  to  100  per  cent,  of  the 
phosphate  in  the  urine  and  the  increment  of  excretion  was  no  greater 
with  the  monobasic  than  with  dibasic  and  tribasic  salts.  There  was 
found,  however,  a  wide  variation  in  the  ability  of  individual  rabbits  to 
excrete  phosphates  through  the  kidney,  and  it  is  possible  that  a  similar 
variation  in  ability  to  excrete  phosphates  occurs  among  humans,  and  that 
the  phosphate  content  of  the  body  fluids  of  the  latter  may,  in  some 
cases  at  least,  be  profoundly  modified  by  the  action  of  the  bowel. 

The  effect  of  acid  phosphate  retention  on  renal  function  is  illustrated 
by  the  work  of  Nagayama,-'  who  fed  to  rabbits  molecularly  equivalent 
amounts  of  phosphorus  as  acid  phosphate  and  as  basic  phosphate, 
respectively,  and  was  able  to  show  that  the  urea  excretory  activity  of 
the  kidney  is  distinctly  depressed  after  the  former,  while  the  latter  had 
no  appreciable  effect.  Sodium  bicarbonate  in  amount  markedly  increas- 
ing the  alkalinity  of  the  plasma  caused  only  a  slight  decrease  in  this 
function. 

ACID     RETENTION     AND     RENAL     FUNCTION 

It  has  long  been  maintained,  notably  by  Fischer,^*'  that  an  abnormal 
production  of  acid  in  the  body  and  its  accumulation  in  the  kidney  is 
responsible  for  the  entire  symptom  complex  known  as  nephritis.  To 
the  action  of  the  retained  acid  on  the  colloidal  structures  that  make  up 
the  kidney  are  due,  in  his  opinion,  the  specific  morphologic  changes, 
the  proteinuria,  the  production  of  casts,  etc.,  and  on  theoretic  grounds 
could  as  well  be  initiated  by  retention  of  alkali.  Newburgh,^^  and  New- 
burg  and  Squier,^*  also  state  that  they  have  been  able  to  reproduce  in 
the  rabbit  all  the  anatomic  changes  characteristic  of  the  chronic  inter- 
stitial nephropathy  in  man,  merely  by  feeding  protein  in  amounts 
sufficient  to  increase  the  urinary  nitrogen  from  2  to  300  per  cent.  They, 
however,  made  no  attempt  to  correlate  their  findings  with  any  specific 
product  of  protein  metabolism,  so  that  it  cannot  be  said  whether  the 
increased  acid  production  that  must  result  from  such  diets  was  or  was 
not  a  causative  factor. 

Of  the  conditions  that  govern  the  excretion  of  acid  by  the  kidney, 
little  is  known.  If,  as  stated  by  Henderson,  this  organ  is  the  first  line 
of  defense  against  an  accumulation  in  the  body  fluids  of  acid  or  alkaline 
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substances  beyond  the  physiologic  optimum,  the  first  indication  of  its 
functional  lag  should,  it  seems,  be  found  in  the  acid  or  alkali  binding 
power  of  the  blood. 

The  acid  binding  power  of  the  blood,  for  convenience  designated 
"oxydesis,"  may  be  altered  by  processes  occurring  without,  as  well  as 
within  the  kidney.  In  the  early  stages  of  diabetes  mellitus,  for  example, 
oxydesis  is  definitely  increased,  and  according  to  Michaelis  ^'-^  and  to 
Menten,=^°  the  H  ion  concentration  of  the  serum  is  lowered,  while  in 
the  later  stages,  when  there  is  considerable  ketone  formation,  oxydesis 
is  notably  decreased,  and,  according  to  the  same  observers,  the  H  ion 
concentration  rises.  This  may  be  explained,  perhaps,  entirely  by  varia- 
tions in  the  ratio  of  ammonia  to  acid  formed,  or  it  may  be  due  to  a 
preferential  retention  by  the  kidney  of  the  stronger  fixed  bases,  the 
complete  elimination  in  the  early  stages  of  acid  ammonium  salts  and 
later  their  gradual  accumulation  because  of  renal  lag. 

Since  the  H  ion  concentration  of  the  blood  depends  on  the  ratio  of 
acid  to  alkali,  the  determination  of  the  alkali  reserve,  indirectly  by 
measuring  the  bicarbonate  bound  carbon  dioxid  of  the  plasma,  or 
directly  by  one  of  the  various  forms  of  alkalimetry,  cannot  serve  as  an 
infallible  index  of  acidosis  or  alkalosis.  Thus,  Henderson  and  Hag- 
gard,^^  Van  Slyke,^^  and  Henderson,  Haggard  and  Coburn  ^^  describe 
nine  theoretically  possible  combinations  of  acidosis,  alkalosis  and  nor- 
mality, by  the  plasma  bicarbonate  index,  with  a  high,  low  and  normal 
alkali  reserve,  several  of  which  they  have  clinically  observed  in  condi- 
tions where  occur  such  abnormalities  of  respiration  as  hyperpnoe  and 
acapnia. 

The  combination  of  carbonic  acid  deficiency  and  high  alkali  reserve, 
we  ourselves  have  observed  in  diabetic  coma  of  the  rapidly  advancing 
type,  the  oxydesis  here  being  moderately  decreased,  normal  or  actually 
increased,  in  the  face  of  a  plasma  bicarbonate  content  always  below 
twenty  volumes  per  cent.  In  the  nephropathies,  however,  except  when 
uremia  or  cardiac  decompensation  impends,  there  are,  as  a  rule,  no 
respiratory  complications  and  there  is  no  increased  production  of  acid 
or  alkali.    An  interesting  exception  is  a  condition  designated  paroxysmal 
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dyspnea  or  "renal  asthma,"  in  which  there  is  a  nocturnal  anaphylactoid 
suppression  of  urine  with  profound  dyspnea,  superimposed  on  what 
could  otherwise  be  diagnosed  a  chronic  interstitial  nephropathy. 

Whatever  be  the  significance  of  an  increase  in  the  acid  fixing 
power  of  the  blood,  a  decrease,  whether  it  occur  in  a  nephropathy,  in 
anemia,  diabetes  mellitus,  inanition,  ileus,  pneumonia  or  gastric  ulcer, 
and  whether  it  exist  as  cause  or  efifect  thereof,  must  with  great  fre- 
quency, if  not  always,  be  associated  with  a  lag  or  impairment  of  renal 
function.  That  it  is  a  measure  of  such  impairment  cannot  be  affirmed, 
for,  as  was  previously  stated,  it  is  possible  that  in  a  chronic  nephropathy 
the  resorptive  activity  of  the  bowel  may  greatly  increase,  and  measur- 
ably subserve  the  function  of  the  kidney. 

THE     ALKALIMETRY     OF     WHOLE     BLOOD 

The  acid  binding  power,  or  oxydesis,  of  whole  blood  may  be  deter- 
mined as  described  in  the  first  paper  of  this  series  and  for  the 
purpose  of  this  investigation  represents  the  greatest  amount  of  hun- 
dredth normal  hydrochloric  acid  that  can  be  added  to  a  unit  volume  of 
oxalated  whole  blood  without  clumping  the  erythrocytes.  For  con- 
venience the  method  is  here  repeated : 

Ten  clean  dry  test  tubes  are  set  up  in  a  rack.  To  the  first  is  added  9  c.c. 
of  an  0.85  per  cent,  salt  solution  (Merck's  blue  label  sodium  chlorid  dissolved 
in  freshly  distilled  water)  and  1  c.c.  whole,  fresh  oxalated  blood.  A  1  c.c. 
diflferential  bacteriologic  pipet  may  be  used  for  the  purpose.  The  blood  is 
mixed  with  the  saline  by  blowing  through  the  pipet,  and  froth  is  avoided  by 
always  keeping  the  tip  of  the  pipet  below  the  surface  of  the  liquid.  One 
cubic  centimeter  of  the  diluted  blood  is  then  carefully  placed  in  the  bottom  of 
each  tube,  avoiding  the  sides,  and  starting  on  the  left,  hundredth  normal 
hydrochloric  acid  containing  0.85  per  cent,  chemically  pure  sodium  chlorid  is 
added  with  a  2  c.c.  diflferential  pipet,  starting  with  0.7  c.c,  and  increasing  the 
amount  by  0.05  c.c.  with  each  tube.  The  tip  of  the  pipet  should  be  poised  about 
2  inches  above  the  surface  of  the  fluid,  to  insure  rapid  diffusion  of  the  acid, 
which  should  be  dropped  directly  into  the  blood  and  not  be  touched  off  on 
the  glass.  The  tube,  once  charged,  should  be  shaken  immediatelj^.  and  the 
row  not  disturbed  until  the  corpuscles  have  settled.  The  last  tube  which  shows 
the  erythrocytes  sharply  settled  in  the  center  without  any  hemolysis  in  the 
supernatant  liquid  represents  the  oxydetic  value  of  the  blood  in  question. 

The  blood  should  be  collected  not  less  than  three  hours  after  ingestion  of 
food,  in  1  ounce  salt  mouth  bottles,  to  which  1  c.c.  of  a  1  per  cent,  solution 
of  recrystallized,  chemically  pure  sodium  oxalate  has  been  added  and  evaporated 
to  dryness.  This  amount  is  sufiBcient  for  10  c.c.  blood,  which  should  be  swirled 
around  the  bottle  immediately  on  collection.  Failure  to  observe  this  precaution 
will  result  in  more  or  less  agglutination  of  the  corpuscles  such  as  always  occurs 
previous  to  coagulation  (blood  containing  no  anticoagulant  may  be  used  if 
one  is  in  a  position  to  dilute  it  immediately  with  nine  volumes  of  physiologic 
solution  of  sodium  chlorid).  The  syringe  and  needle  should  be  dry  and  clean 
and  the  blood  should  be  used  immediately  or  placed  in  a  good  icebox,  where 
it  will  keep  for  twenty-four  hours.  It  should  be  brought  to  room  temperature 
before  measuring. 

Wliether  the  figure  obtained  in  this  way  represents  accurately  the 
buffer  content  or  tampon  power  of  the  blood  for  acid,  cannot  be  stated. 
It  is  not  known,   for  example,  to  what  extent  the  blood-proteins  are 
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available  to  physiologically  fix  acid ;  whether  this  fixation  is  a  stoichio- 
metric one  or  whether,  as  MacLeod  ^*  states,  it  is  conditioned  by  the 
H  ion  concentration  of  the  blood  and  becomes  greater  as  the  latter 
increases.  The  figures  obtained  will  also  vary  because  of  differences 
in  calibration  of  glassware,  standardization  of  acid  and,  perhaps,  a 
personal  factor.  The  absolute  oxydetic  values  are,  however,  of  little 
clinical  importance.  If  the  same  acid  and  the  same  pipet  be  used  for 
the  samples  of  blood  that  it  is  desired  to  compare,  it  will  be  found 
that  the  amount  of  acid  that  can  be  added  to  a  unit  volume  of  normal 
blood  without  clumping  the  erythrocytes  is,  for  practical  purposes,  a 
constant. 

Fifty  individuals,  for  example,  ranging  in  age  from  19  to  52  years 
and  whose  blood  and  urine  were  found  to  be  normal,  showed  an  acid 
fixing  power  of  from  8.5  to  9.5  c.c.  of  hundredth  normal  hydrochloric 
acid  per  1  c.c.  of  whole  oxalated  blood.  Forty-eight  of  these  gave 
a  figure  of  90,  one,  85  and  one,  95,  three  hours  after  ingestion  of 
food.  Whether  a  figure  below  90  consistently  indicates  a  nephropathy 
or  a  low  renal  reserve  is  the  object  of  this  study;  and  during  the  past 
two  years,  alkalimetry  was  performed  on  all  patients  whose  blood  and 
urinary  findings  suggested  a  nephropathy  and  for  comparison  in  many 
cases  in  which  other  diagnoses  had  been  made. 

OXYDESIS     IN     THE      NEPHROPATHIES 

The  nephropathies  of  vascular  origin  were,  for  the  purpose  of  this 
study,  grouped  according  to  the  amount  of  nitrogen  retention  shown 
upon  first  examination.  Group  1  comprised  those  patients  in  whom 
hypertension  was  the  sole  finding.  Group  II  showed  in  addition  to 
hypertension,  a  retention  of  nitrogen,  and  Group  III  showed  hyper- 
tension, nitrogen  retention  and  fixation  of  the  specific  gravity  of  the 
urine.  None  of  the  patients  of  the  last  group  were  alive  six  months 
after  the  date  of  examination.  That  the  parenchymal  involvement  in 
these  cases  was  minimal  is  assumed  because  there  was  no  history  of 
edema,  and  none  was  ever  observed. 

The  nephropathies  that  were  deemed  to  be  predominantly  paren- 
chymal in  type  were,  for  fault  of  a  better  classification,  simply  regarded 
as  early  or  late  cases,  forming  Groups  IV  and  V,  respectively.  Nearly 
all  the  patients  in  these  groups  had  more  or  less  edema,  their  systolic 
blood  pressures  were,  as  a  rule,  not  high  and  they  were,  on  an  average, 
much  younger  than  the  patients  of  Groups  I,  II,  and  III. 

Group  VI  comprised  individuals  on  whom  a  definite  diagnosis  of 
nephropathy  could  not  be  made,  in  spite  of  proteinuria,  edema  or  other 
suggestive  symptoms. 
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Group  VII  was  composed  of  what  were  considered  primary  cardiac 
cases  characterized  by  dyspnoea  with  cyanosis,  feeble  irregular  pulse, 
subnormal  blood  pressure  and  minimal  renal  involvement. 

The  nonprotein  nitrogen  was  determined  by  the  tungstic  acid  pre- 
cipitation method  of  Folin  and  Wu,^^  and  in  the  same  filtrate  the 
chlorids  were  titrated  by  the  Volhard  method  adapted  thereto  by 
Rieger.^''  The  bicarbonate  bound  carbon  dioxid  was  determined  by 
the  gasometric  method  of  Van  Slyke.^^ 

DISCUSSION     OF     RESULTS 

Analysis  of  Tables  1,  2  and  3  reveals  little  tendency  toward  accumu- 
lation of  acid  in  the  nephropathies  of  vascular  type,  until  a  few  months 
before  death,  when  oxydesis  may  be  definitely  decreased.  These 
patients  do  not,  as  a  rule,  die  of  acidosis,  nor  uremia,  but  of  heart 
failure  and  although  the  nonprotein  nitrogen  of  the  blood  increases 
steadily  up  to  hundreds  of  milligrams  per  hundred  cubic  centimeters, 
the  phenolsulphonephthalein  excretion  drops  to  zero,  and  the  blood 
chlorids  maintain  a  high  level,  oxydesis,  in  the  last  few  days  of  life, 
may  increase.  Patients  M.D.  and  C.S.  in  Group  III  show  this 
tendency  to  a  minor  degree,  while  patient  7,634,  Group  VII,  shows  it 
markedly — oxydesis  in  the  latter  instance  having  been  105  at  the  time 
of  death.  This  patient  was  transferred  from  the  class  of  vascular 
nephropathies  to  that  of  predominant  cardiac  disease,  because  of  falling 
blood  pressure,  and  oxydesis  rose  from  80  to  105,  within  four  months. 

Patients  with  marked  cardiac  involvement  have  not  as  a  rule  shown 
low  oxydesis  and  the  advanced  cases  cited  in  Group  VI I  show  an  acid 
fixing  ability  definitely  above  normal.  This  is  possibly  due  to  mobiliza- 
tion in  the  blood  stream  of  alkali  to  equilibrate  the  carbonic  acid  retained 
through  dyspnea. 

In  the  diffuse  nephropathies  forming  Groups  IV  and  V  oxydesis  is 
definitely  decreased  from  the  onset,  acid  being  retained  along  with 
salt,  and  less  constantly,  water,  before  there  is  any  retention  of  non- 
protein nitrogen  or  phenolsulphonephthalein.  The  low  figures  obtained 
in  patients  D.R.H.-S.  and  H.H.-N.,  both  for  oxydesis  and  blood  bicar- 
bonate carbon  dioxid,  and  in  both  instances  within  a  few  hours  of  death, 
indicated  that  they  died  in  acidosis,  but  that  does  not  mean  that  they 
died  of  acidosis,  for  D.R.H.-D  showed  the  same  low  figures  two 
months  before  death,  and  D.R.H.-S.  never  had  an  oxydesis  higher  than 
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Clin.  M.  6:44   (Oct.)    1920. 

2)7.  Van  Slyke,  D.  D.:    A  Alethod   for  the  Determination  of  Carbon  Dioxid 
and  Carbonates  in  Solution,  J.  Biol.  Chem.  30:347,  1917. 
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50  or  a  bicarbonate  carbon  dioxid  higher  than  twenty- four  volumes 
per  cent,  during  his  entire  stay  of  one  month  in  the  hospital.  At 
necropsy  each  of  these  patients  showed  bilateral  large  white  kidneys. 

Finally,  there  is  a  large  group  of  patients  whose  symptoms  suggest 
renal  disease,  yet  in  whom  the  sole  evidence  of  functional  impairment 
is  decreased  oxydesis.  Some  of  these  are  included  in  Group  VI. 
Nearly  all  show  proteinuria,  one  or  two  show  beginning  retention  of 
chlorids,  and  three  or  four  show  a  slight  edema. 

An  oxydetic  value  below  9  c.c.  hundredth  normal  hydrochloric  acid 
per  cubic  centimeter  blood  seems,  then,  to  be  an  early  and  constant 
sign  of  renal  insufficiency,  and  in  all  likelihood  is  due  to  parenchymal 
disease.  Retention  of  acid  in  the  diffuse  nephropathies  apparently 
precedes  the  retention  of  salt  and  water  and  is  closely  related  thereto, 
while  the  retention  of  nonprotein  nitrogen  apparently  does  not  occur 
until  secondary  contraction  has  begun,  or  in  the  acute  cases,  when  there 
is  marked  oliguresis. 

By  the  same  token,  the  retention  of  nonprotein  nitrogen  is  the 
earliest  sign  of  insufficiency  in  the  vascular  type  of  nephropathy — the 
primarily  contracted  kidney,  but  owing  to  the  great  glomerular  reserve 
of  the  organ,  retention  of  acid,  chlorids  and  water  does  not  occur  until 
very  late  in  the  disease. 

Given,  then,  hypertension,  breathlessness  and  edema,  alone  or  in 
association,  oxydesis  should  serve  as  a  gage  of  the  distribution  of 
disease  between  the  vascular  bed  and  parenchyma  of  the  kidney,  and  in 
the  later  stages,  as  a  relative  measure  of  cardiac  and  renal  sufficiency- 
Thus  a  figure  of  7S  or  above,  with  the  symptoms  mentioned,  would 
mean  predominant  vascular  disease,  while  lower  figures  would  indicate 
predominant  parenchymal  disease.  A  figure  of  85  or  more,  together 
with  breathlessness,  would  be  taken  as  an  indication  of  impending 
heart  failure. 

The  occurrence  of  decreased  oxydesis  in  conjunction  with  such  vague 
symptoms  as  malaise,  lassitude,  pallor,  slight  proteinuria  or  transient 
localized  edemas,  alone  or  in  combination,  demonstrates  the  possibilities 
of  alkalimetry  in  the  diagnosis  of  early  diffuse  nephropathies. 

Indeed,  in  our  experience,  a  decreased  oxydesis  is  the  earliest  and 
most  constant  sign  of  renal  insufficiency.  What  may  be  its  exact 
significance  cannot  be  stated.  The  work  of  Nash  and  Benedict  ^^ 
indicates  that  the  kidney  is  a  seat  of  ammonia  formation,  and  Palmer 
and  Henderson  have  shown  quite  conclusively  that  there  is,  in  the 
various  nephropathies,  a  deficit  in  the  output  of  urinary  ammonia,  bound 
with  fixed  acid.     That  certain  ammonium  salts  retained  by  a  damaged 


38.  Nash.  T.  P.  Jr.,  and  Benedict,  S.  R.:  The  Ammonia  Content  of _  the 
Blood  and  Its  Bearing  on  the  Mechanism  of  Acid  Neutralization  in  the  Animal 
Organism.  T.  Biol.  Chem.  48:463   (Oct.)    1921. 
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kidney  can  function  as  acid  in  degree  sufficient  to  appreciably  lower  the 
alkali  reserve,  is  exceedingly  doubtful.  It  is  more  logical  to  argue  that 
the  lesion  which  damages  the  acid  excreting  function  of  the  kidney 
damages  the  ammonia  producing  function  as  well. 

SUMMARY 

1.  The  greatest  amount  of  acid  that  may  be  added  to  a  unit  volume 
of  whole  blood  without  agglutinating  its  erythrocytes  is  taken  as  the 
acid  binding  value  of  that  blood.     It  is  designated  "oxydesis." 

2.  Oxydesis  in  health  and  in  the  postabsorptive  state  is  for  practical 
purposes  a  constant.  For  1  c.c.  whole  blood,  oxalated  as  described, 
it  is  approximately  equivalent  to  9  c.c.  hundredth  normal  alkali. 

3.  Oxydesis,  below  ninety  (0.9  c.c.  hundredth  normal  hydrochloric 
acid  per  0.1  c.c.  blood)  appears  to  be  an  early  and  constant  sign  of 
renal  insufficiency  when  due  to  a  glomerular  lesion. 

4.  In  the  diffuse  nephropathies  oxydesis  is  definitely  increased 
before  there  is  retention  of  water,  chlorids,  or  phenolsulphonephthalein 
and  long  before  there  is  nitrogen  retention. 

5.  In  the  degenerative  vascular  nephropathies,  there  is  retention 
of  nitrogen  before  there  is  retention  of  chlorids,  water  or  phenol- 
sulphonephthalein, and  oxydesis  is  not  definitely  decreased  until  the 
late  stages. 

6.  In  cardiorenal  disease,  with  preponderant  cardiac  involvement, 
oxydesis  is  normal,  and  in  the  late  stages  increased. 

7.  In  cardiorenal  disease,  oxydesis  serves  as  a  rough  gage  of  the 
relative  involvement  of  heart  and  kidney. 

8.  Decreased  oxydesis  signifies  a  decreased  alkali  reserve,  either 
because  of  an  accumulation  of  acid,  deficient  production  of  ammonia 
or  both. 

We  desire  to  express  our  thanks  to  Drs.  Bruce  C.  Lockwood  and  Robert  C. 
Moehlig  for  helpful  suggestions  and  for  the  use  of  material  from  their  clinics. 


Archives    of    Internal    Medicine 

VOL    30  NOVEMBER.   1922  No.  5 


INTERPRETATION     OF     THE     WASSERMANN 
REACTION 

WILLIAM    W.    DUKE,    M.D. 

KANSAS    CITY,    MO. 

One  hesitates  in  the  present  day  to  write  on  a  subject  which  has 
been  so  ably  and  fully  discussed  as  the  Wasserniann  reaction/  and  to 
add  to  a  literature  already  large.  During  a  clinical  experience  of  about 
seven  years,  however,  in  which  Wassermann  tests  have  been  made  as  a 
routine  measure  in  our  medical  examinations,  we  have  had  an  unusual 
opportunity  of  seeing  the  value  of  the  test  in  clinical  medicine,  and 
since  our  tests  have  been  made  with  both  sensitive  and  coarse  (or 
insensitive)  methods  simultaneously,  we  have  also  had  an  opportunity  to 
observe  the  value  and  dependability  of  several  technics.  We  wish, 
therefore,  to  present  briefly  data  and  conclusions  gained  from  more  than 
50,000  tests  on  more  than  10,000  specimens  of  blood  taken  from  patients 
the  majority  of  whom  we  examined  ourselves.  Our  Wassermann 
technic  has  been  changed  in  some  of  its  details  from  time  to  time. 
For  this  reason,  some  of  the  tabulations  reported  are  based  on  only 
fifteen  hundred  consecutive  medical  cases  in  which  the  exact  methods  to 
be  described  have  been  used.  All  of  the  patients  from  whom  this  data 
was  obtained  were  examined  carefully,  and  in  our  examinations  we 
endeavored  to  disclose  and  record  every  abnormality  which  could  be 
brought  to  light  by  history,  physical  examination,  special  examinations, 
clinical  pathology  and  roentgenology. 

I  may  say  at  the  outset  that  this  paper  presents  nothing  new  to  the 
careful  serologist  nor  internist.  It  is  rather  a  compilation  of  statistics 
for  the  purpose  of  comparing  clinical  and  serologic  findings.  It  is 
written  partly  with  a  hope  of  helping  restore  confidence  in  the  Wasser- 
mann reaction  in  the  minds  of  physicians  who  may  have  lost  respect 
for  the  test  on  account  of  contradictory  reports  given  them  by  serologists 
who  have  used  widely  differing  methods. 


1.  It  hardly  comes  within  the  scope  of  this  paper  to  cite  the  many  brilliant 
researches  which  have  led  to  our  present  knowledge  of  serology  in  its  rela- 
tionship to  the  diagnosis  and  treatment  of  syphilis.  For  a  reviev.^  of  this  lit- 
erature the  reader  is  referred  to  the  monographs  of  Noguchi,  Craig,  Kolmer,  etc. 
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DEVELOPMENT     OF     THE     WASSERMANN     TECHNIC 

In  the  early  days  of  Wassermann  work,  opinions  were  in  harmony 
concerning  the  significance  of  a  positive  reaction  and  the  relative  fre- 
quency with  which  positive  reactions  were  obtained  in  the  different 
stages  of  syphilis.  It  was  conceded  by  the  majority  of  observers  that 
a  four  plus  reaction  was  given  by  few,  if  any,  diseases  other  than 
syphilis ;  that  a  negative  reaction  did  not  exclude  a  diagnosis  of  syphilis ; 
that  the  vast  majority  of  secondary  cases  gave  positive  reactions,  but 
that  a  smaller  proportion  of  the  primary,  tertiary  and  so-called  latent 
cases  gave  positive  reactions. 

The  technic  as  originally  used  was  relatively  crude  and  insensitive. 
The  disease  had  to  be  moderately  active  in  order  to  give  a  positive 
reaction.  For  this  reason  the  Wassermann  test  failed  where  it  was 
most  needed — that  is,  in  disclosing  the  disease  in  late  cases  in  which 
the  symptoms  were  not  well  defined. 

A  number  of  unique  methods  were  devised  for  making  the  test  more 
sensitive,  thereby  making  it  possible  to  obtain  a  larger  proportion  of 
positive  reactions  in  the  less  active  cases.  The  more  important  of  the 
measures  were  the  use  of  reenforced  antigens,  the  use  of  one  unit  of 
complement  instead  of  two  units,  and  finally,  incubation  at  icebox 
temperature  in  place  of  incubation  at  a  temperature  of  38  C.  These 
modifications  made  it  possible  to  carry  out  a  Wassermann  reaction 
which  was  far  more  delicate  than  tests  carried  out  by  the  method  as 
originally  described.  The  great  advantage  derived  from  the  modifications 
was  a  test  which  would  give  positive  reactions  in  the  vast  majority  of 
cases  of  syphilis  whether  early  or  late.  It  was  offset  by  a  serious 
disadvantage — namely,  unreliability.  With  the  modified  method,  posi- 
tive reactions  were  obtained  in  a  certain  proportion  of  patients  who  did 
not  have  demonstrable  syphilis. 

At  the  present  time  one  or  all  of  the  modifications  mentioned  are 
used  in  some  laboratories,  while  in  others  the  test  used  is  not  materially 
different  from  the  original  Wassermann  test.  The  result  is  that  in 
some  laboratories  a  method  is  used  which  is  much  more  sensitive  than 
that  used  in  other  laboratories.  Unfortunately,  results  are  reported 
by  the  majority  of  laboratories  in  the  same  symbols  as  those  used  early 
in  Wassermann  work — namely,  negative,  one  plus,  two  plus,  three  plus 
and  four  plus,  regardless  of  whether  the  test  used  is  comparatively 
insensitive,  as  was  the  original  Wassermann  test,  or  exceedingly 
sensitive.  As  a  result,  practitioners  at  the  present  time  may  send  blood 
to  several  laboratories  and  receive  a  different  report  from  each. 

Disagreements  of  this  sort  have  caused  a  plea  from  all  quarters  for  a 
standard  test  which  might  make  it  possible  for  all  laboratories  to  obtain 
uniform  results.     Such  disagreements  have  also  induced  a  prevalent 
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belief  among  physicians  in  many  localities  that  the  Wassermann  test  is 
almost  worthless,  that  it  is  merely  a  symptom  of  disease,  and  an 
unreliable  one  at  that.     What  is  to  blame  for  this  situation? 

In  my  opinion  it  is  not  due  so  much  to  the  use  of  the  unique 
improvements  in  technic  which  have  made  the  test  more  sensitive,  nor 
to  the  lack  of  a  standard  test,  as  to  the  fact  that  all  Wassermann 
reactions,  whether  obtained  by  sensitive  or  insensitive  methods,  are 
reported  in  the  same  technical  and  inadequate  terms — one  plus,  two 
plus,  three  plus  and  four  plus.  Some  of  the  discrepancies  w'ould  be 
avoided  if  the  reports  were  made  in  plain  English  w^ords  which  would 
have  the  same  meaning  to  all  serologists  and  to  all  physicians,  such, 
for  example,  as  doubtful,  weakly  positive  and  strongly  positive.  A 
result  labeled  strongly  positive  would  surely  never  be  reported  or 
accepted  on  the  basis  of  a  four  plus  reaction  obtained  by  the  more 
sensitive  methods. 

The  ideal  Wassermann  reaction,  unfortunately,  can  never  be  realized 
through  the  use  of  any  one  single  test,  no  matter  what  technic  is  used. 
An  ideal  Wassermann  test  would  be  one  sensitive  enough  to  come  out 


TABLE  1. — Description  of  Tests  1  to  5 


Antigen 

Complement 

Sensitiveness  of  test 


Cholester- 
inized  0.4% 


Extremely 
sensitive 


Cliolester- 
inized  0.2% 


Very  sensi- 
tive 


Test  3 


Cholester- 
inized  0.2% 


2  units 


Moderately 
sensitive 


Acetone 
insoluble 


Moderately 
sensitive 


Test 


Alcoholic 
extract 


2  units 


Moderately 
sensitive 


positive  in  every  case  of  syphilis,  whether  early  or  late,  and,  at  the 
same  time,  so  insensitive  as  to  never  give  a  false  positive.  Such  a  test 
is  theoretically  and  practically  impossible.  A  test  sensitive  enough  to 
come  out  positive  almost  invariably  in  patients  with  late  syphilis  is, 
of  necessity,  so  sensitive  that  it  will  come  out  positive  in  a  certain 
proportion  of  patients  not  afflicted  with  syphilis.  As  a  practical  alter- 
native, I  have  used  a  five  tube  test.  Two  of  the  tubes  are  sensitive 
enough  to  give  a  positive  result  in  the  great  majority  of  patients  with 
syphilis,  whether  early  or  late,  two  tubes  are  so  coarse,  or  insensitive, 
as  virtually  never  to  give  a  false  positive  result,  and  one  tube  is 
intermediate. 

METHOD 

My  plan  for  setting  up  Wassermann  tests  may  be  criticized  as  being 
unnecessarily  complex.  At  the  same  time,  it  has  given  me  an  unusual 
opportunity  of  observing  the  clinical  significance  of  several  types  of 
technic. 

Briefly  the  method  is  as  follows :  Tube  1  contains  cholesterinized 
antigen  (0.4  per  cent.)  with  one  unit  of  complement.    Tube  2  contains 
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cholesterinized  antigen  (0.2  per  cent.)  with  one  unit  of  complement. 
Tube  3  contains  cholesterinized  antigen  (0.2  per  cent.)  with  two  units 
of  complement.  Tube  4  contains  acetone  insoluble  antigen  (noncho- 
lesterinized)  with  two  units  of  complement.  Tube  5  contains  alcoholic 
extract    (noncholesterinized)    with  two  units  of  complement. 

From  one-fourth  to  one-fifth  of  a  slightly  anticomplementary  quan- 
tity of  antigen  was  used  in  tube  1  and  from  one-fifth  to  one-eighth 
(this  has  been  changed  from  time  to  time)  in  tubes  2,  3,  4  and  5 ;  0.05 
c.c.  of  inactivated  patient's  serum  was  used  in  all  tubes ;  total  volume 
of  tests  1.25  c.c;  incubation  icewater  bath  at  8  C.  one  hour;  sheep 
system. 2 

While  this  method  is  rather  complex  it  presents  one  real  advantage, 
namely,  its  scope.  It  includes  two  tests  which  are  exceedingly  sensitive, 
two  tests  which  are  moderately  coarse,  and  one  intermediate  test. 

THE     COMPARATIVE     DELICACY     OF     DIFFERENT     WASSERMANN 

METHODS 

The  comparative  delicacy  of  the  five  tests  described  is  shown  in 
Tables  2  and  3.  In  these  two  tables,  however,  two  tubes  were  added  to 
the  five  ordinarily  used.  The  technic  used  in  these  two  additional  tests 
(Tests  6  and  7)  was  the  same,  respectively,  as  that  used  in  Tubes  4 
and  5,  except  that  they  were  incubated  at  38  C.  instead  of  8  C,  as  were 
tubes  1,  2,  3,  4  and  5.  Two  known  positive  specific  bloods  were  titrated 
down  with  the  technic  of  each  test  (Tests  1  to  7)  starting  with  0.1 
c.c.  of  blood  serum  and  ending  with  |4ooo  c.c.  By  noting  the  smallest 
f|uantity  of  serum  required  to  give  a  four  plus  reaction  in  each  tube 
one  can  observe  the  relative  delicacy  of  each  of  the  seven  methods. 

Test  7  (Table  2)  gave  a  four  plus  reaction  with  ^o  c.c.  of  blood, 
while  approximately  one-half  this  amount,  or  Yxp,(\  c.c,  was  suf^cient 
to  give  a  four  plus  reaction  in  tests  4  and  5  (same  tests  as  5  and  7, 
except  for  the  use  of  icewater  bath  incubation)  ;  approximately 
one-fourth  that  amount,  or  %20  c.c,  was  sufficient  to  give  a  four  plus 
reaction  in  test  3  (same  test  as  4  and  5,  except  for  the  use  of  cho- 
lesterinized antigen)  ;  approximately  one-eighth  this  amount,  or  %4o 
c.c,  was  sufficient  to  give  a  four  plus  reaction  in  test  2  (same  as 
test  3,  except  for  the  use  of  one  unit  of  complement  instead  of  two 
units)  ;  and  approximately  one-sixteenth  this  amount,  or  %2S0  c.c, 
was  sufficient  to  give  a  four  plus  reaction  with  test  1  (same  as  test 
2,  except  that  more  antigen  and  more  cholesterin  was  used).  In  other 
words,  the  technic  used  in  test  1  was  approximately  sixteen  times  as 
sensitive  as  that  of  tests  6  and  7,  which  have  relatively  the  same  delicacy 


2.  Duke,  \V.  W. :    Ice  Water  Bath    in   Complement   Fixation    for   the  Was- 
sermann  Reaction.     A   Shortened  Technic,  Am.   J.   Syph.  5:312    (April)    1921. 
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TABLE   2.  —  Titrations   of   a   Strong   Positive   Blood   by   Seven   Different 
Technics  to  Show  Their  Comparative  Delicacy 


Technic  1 

Technie  2 

Technic  3 

Technic  4 

Technic  5 

Technic  6 

Technie  7 

Antigen 

0.4%  C. 

0.2%  C. 

0.2%  C. 

Non- 

cholester- 

inized 

Non- 

cholester- 

inized 

Non- 

eholester- 

inized 

cholester- 
inized 

Complement 

lU 

lU 

2U 

2U 

2U 

2U 

2U 

Temp,  of  fixation 

8C. 

8C. 

8C. 

8C. 

8C. 

37.5  C. 

37.5  C. 

Serum,  C.c. 

1:10 

44- 

44- 
44- 
■    44- 
44- 
44- 
44- 
44- 
4  + 
4+ 
44- 
44- 
44- 
44- 
44- 
24- 
14- 

4  + 
44- 
44- 
44- 
44- 
44- 
44- 
44- 
44- 
44- 
44- 
44- 
44- 
34- 
24- 
14- 

44- 

44- 
44- 
44- 
44- 
44- 
44- 
44- 
44- 
44- 
44- 
14- 

- 

44- 
44- 
44- 
44- 
44- 
44- 
44- 
44- 
44- 
24- 

44- 
44- 
i+ 
44- 
4-^ 
44- 
44- 
44- 
44- 
24- 

44- 
44- 
44- 
44- 
44- 
44- 
44- 
34- 
24- 

4-^ 

1:15 • 

1:20 

44- 
44- 

1:30 

44- 

1:40 

1:G0 

4-^ 

4-^ 

1:80 

4  — 

1:120 

3- 

1:160 

1:240 

1:320 

1:480 

1:640 

1:960 

1:1280 

1:1440 

1:1600 

TABLE   3.  —  Titrations   of   a    Strong   Positive   Blood   by    Seven   Different 

Technics   to   Show   Their   Comparative   Delicacy.     Technics 

Described  Below 


Technic  1 

Technic  2 

Technic  3 

Technic  4 

Technic  5 

Techn:c  6 

Technic  7 

Antigen 

.     0.4%  C. 

0.2%  C. 

0.2%  C. 

Non- 

Non- 

Non- 

Non- 

cholester- 

cholester- 

cholester- 

cholester- 

inized 

inized 

inized 

inized 

Complement 

.1        lU 

lU 

2U 

2U 

2U 

2U 

2U 

Temp,  of  fixation. . 

8C. 

8C. 

8C. 

8C. 

8C. 

37.5  C. 

37.5  C. 

Serum,  Co. 

1:10 

44- 

44- 

44- 

44- 

44- 

44- 

3- 

1:15 

44- 

44- 

44- 

44- 

44- 

34- 

2-1- 

1:20 

44- 

i  + 

44- 

44- 

44- 

1-f 

14- 

1:30 

44- 

44- 

44- 

44- 

44- 

— 

— 

1:40 

44- 

44- 

44- 

44- 

44- 

— 

— 

1:60 

44- 

44- 

44- 

44- 

44- 

— 

— 

1:80 

44- 

44- 

44- 

44- 

44- 

44- 
34- 

44- 
34- 



— 

1:120 

— 

l:lfiO 

44- 

44- 

4-H 

— 

— 

— 

— 

1:240 

44- 

44- 

14- 

— 

— 

— 

— 

1:320 

44- 

34- 

— 

— 

— 

— 

— 

1:480 

44- 

14- 

— 

— 

—^ 

— 

— 

1:640 

2-r 

— 

— 

— 

— 

— 

— 

1:960 

14- 

z 

z 



z 

— 

1:1280 

1:1440 

' 

~ 

- 

- 

- 

1:1600 

— 
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as  the  original  Wassermann.  A  number  of  similar  titrations  with 
different  specimens  of  blood  have  shown  essentially  the  same  result. 
With  other  bloods,  however,  a  much  greater  dift'erence  was  frequently- 
encountered  between  tests  4  and  5,  on  the  one  hand,  and  tests  6  and 
7  on  the  other  (where  warm  water  bath  fixation  was  used).  Table  3, 
for  example,  shows  that  tests  4  and  5  were  about  eight  times  as  sensitive 
as  were  tests  6  and  7. 

One  might  point  out  another  factor  of  interest  which  can  be  observed 
in  these  tables,  namely,  the  relatively  small  dift'erence  in  the  amounts 
of  serum  required  to  give  a  four  plus  and  a  one  plus  reaction  by  each 
test.  Regardless  of  technic,  a  four  plus  reaction  was  given  by  little 
or  no  more  than  twice  the  amount  of  serum  required  to  give  a  one 
plus  reaction.  The  difference,  then,  between  a  one  plus  reaction  and 
a  four  plus  reaction  is  not  great,  in  fact,  a  one  plus  reaction  by 
technics  4,  5,  6  and  7  has  much  more  real  significance  than  a  four 
plus  reaction  given  by  technics  1  or  2. 

It  may  be  repeated  here,  that  in  some  laboratories  a  four  plus 
reaction  is  reported  on  the  basis  of  a  result  obtained  by  a  test  as 
delicate  as  my  tube  1,  while  in  other  laboratories  a  four  plus  reaction 
is  reported  only  on  the  basis  of  a  four  plus  reaction  obtained  by  a 
test  relatively  as  coarse  as  that  described  for  tubes  4  and  5,  or,  in 
some  laboratories,  even  as  coarse  as  tubes  6  and  7.  So  long  as  this 
is  the  case,  and  results  are  reported  regardless  of  technic  in  the  same 
technical  terms — one,  two,  three  and  four  plus,  opinions  will  differ 
concerning  the  reactions  given  by  doubtful  and  weakly  positive  bloods. 

STATISTICS 

My  statistics  are  based  on  a  study  of  patients  referred  to  me  for 
general  medical  examination.  So  few  were  referred  because  of  primary 
or  secondary  syphilis  that  this  type  of  case  can  virtually  be  excluded 
from  the  tabulations.  The  statistics  are  based  on  a  study  of  miscellaneous 
chronic  medical  cases,  in  10.7  per  cent,  of  which  active  syphilis  was 
demonstrable  and  a  very  large  per  cent,  of  these  showed  involvement 
of  the  central  nervous  system. 

To  give  the  Wassermann  reaction  its  proper  place  in  a  clinical 
diagnosis  one  must  know  the  actual  value  and  significance  of  a  positive 
reaction  and  of  a  negative  reaction  for  the  method  used.  This  varies 
greatly  with  different  methods.  Unless  one  realizes  this  fact,  and 
understands  exactly  what  his  positive  and  his  negative  reactions  indi- 
cate, the  Wassermann  reaction  may  be  very  misleading,  as  is  shown 
by  the  data  obtained  with  the  different  tests  as  reported  in  Tables  4 
and  5. 

Test  1  gave  a  four  plus  reaction  in  95  per  cent,  of  patients  in  whom 
syphilis  was  found  clinically.     It  was  from  one  to  three  plus  in  4  per 
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cent,  of  the  remaining  5  per  cent.,  and  negative  in  less  than  1  per  cent. 
In  fact,  we  have  on  our  records  only  two  patients  who  had  syphiHs 
positively  proven  (and  who  were  not  recently  treated)  who  gave  a 
flat  negative  reaction  with  test  1.  These  two  patients  had  very  active 
syphilis,  both  recovered  under  treatment  but  gave  persistently  negative 
Wassermann  reactions  with  both  blood  and  spinal  fluid.  Test  1  gave 
a  four  plus  reaction  in  31.5  per  cent,  of  consecutive  medical  cases 
with  miscellaneous  diseases  (including  syphilis),  and  in  these  cases 
syphilis  was  found  clinically  in  only  32.2  per  cent.  The  four  plus 
reactions  given  by  this  technic  were,  therefore,  false  positives  in  67.8 
per  cent,  of  cases.  It  is  cjuite  evident,  therefore,  that  while  a  negative 
reaction  with,  test  1  is  of  great  value  in  the  exclusion  of  syphilis  (error 


TABLE  4.  —  Percentage  of  Positive  Reactions  Given  by  Tests  1  to  5  iis 
Miscellaneous  Medical  Cases  (Including  Syphilis)  and  in  Patients 
WITH  Syphilis  ;  Also  the  Apparent  Percentage  of  False  Positives 


Test  4 


Test 


4+  reactions  in  miscellaneous 
medical  cases 

4+  reactions  in  patients  with 
syphilis 

Percentage  of  false  positives 
given  by  tests 


5.8% 
57   % 


Less  than 

2%  (?) 


TABLE  5." — Percentage  of  False  Positives  Given  by  the  Four  Types  of 
Reaction  Shown  Below.  These  Percentages  Differ  from  Those  of 
Table  4,  Line  3,  but  Are  Believed  to  Picture  More  Correctly  the  Actual 
Value  of  the  Positive  Reactions  for  Each  Test 


Test  I 

Test   2 

Test  3 

Test  4 

Test  5 

False  Positives 

4  + 
4  + 

4  + 
4  + 

4  + 

4  + 
4  + 

4  + 

4  + 

4  + 

1    1   1  + 

93.5% 

79% 

30% 

Less  than  2% 

very  small),  a  positive  reaction  is  of  no  value  whatever  in  its  positive 
diagnosis. 

At  this  point,  I  wish  to  call  attention  to  a  very  misleading  fact. 
I  stated  that  more  than  67  per  cent,  of  the  four  plus  reactions  obtained 
with  test  1  were  apparently  false  positives.  While  this  is  true,  the 
impression  conveyed  is  incorrect.  To  know  the  dependability  of  a 
four  plus  reaction  with  a  given  test  (for  example,  test  1)  one  must 
not  tabulate  all  cases  which  give  a  four  plus  reaction  with  that  test 
(including  both  strongly  positive  and  mildly  positive  bloods)  but  must 
take  only  such  bloods  as  give  a  four  plus  reaction  by  this  technic 
alone — that  is,  bloods  which  are  too  mildly  positive  to  give  a  four  plus 
reaction  with  the  less  sensitive  tests.     To  repeat  for  the  sake  of  clear- 
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ness,  it  is  necessary,  in  order  to  determine  the  actual  value  of  a  positive 
reaction  with  a  given  technic  (such  as  that  of  test  1)  to  exclude  from 
the  tabulations  bloods  which  give  strong  positive  reactions    (such  as 

4+  4+  4+  4+  4+  or4-f  4+  4 -\ ,  etc.,  by  the  five  tube 

test).     Conclusions  must  be  drawn  only  from  bloods  which  give  4  + 

reactions.    We  have  compared  bloods  which  gave  this  latter 

type  of  reaction   (namely  4 -|- )  with  clinical  findings  in  a 

large  series  of  cases,  and,  surprising  to  relate,  only  6.5  per  cent,  of 
the  patients  had  syphilis  which  could  be  demonstrated  by  other  means ; 
in  other  words,  actually  93.5  per  cent,  of  the  positives  of  this  type  v>-ere 
apparently  false  positives.  We  believe,  therefore,  that  a  test  so  sensi- 
tive as  that  obtained  by  the  use  of  a  0.4  per  cent,  cholesterinized  antigen, 
with  one  unit  of  complement  and  icewater  bath  incubation,  is  absolutely 
worthless  so  far  as  the  positive  diagnosis  of  syphilis  is  concerned.  A 
negative  reaction,  however,  is  very  useful  in  the  exclusion  of  syphilis. 

The  results  obtained  with  test  2  were  much  the  same  as  those 
obtained  with  test  1.  This  test  came  out  four  plus  in  84  per  cent,  of 
patients  who  had  positively  proven  syphilis,  and  in  13.2  per  cent,  of 
medical  patients  with  miscellaneous  diseases  (including  syphilis).  Of 
this  13.2  per  cent.,  syphilis  was  found  in  only  66  per  cent.  The  four 
plus  reactions  given  by  test  2,  therefore,  were  false  positives  in  34 
per  cent,  of  cases.  This  latter  figure  also  gives  an  erroneous  idea 
concerning  the  reliability  of  a  positive  reaction  with  technic  2.  As 
previously  stated,  the  reliability  of  a  test  must  not  be  based  on  a 
tabulation  of  all  bloods  which  give  a  positive  reaction  with  that  test 
but  only  those  which  are  sufficiently  positive  to  give  a  positive  reaction 
with  that  test;  in  other  words,  on  bloods  which  give  positive  reactions 
with  tests  1  and  2  with  negative  reactions  with  tests  3,  4  and  5.     In 

bloods  of  this  type  (i.  e.  4  -|-  4  -| )  syphilis  was  demonstrated 

in  only  21  per  cent. — that  is,  of  the  positives  of  this  class  79  per  cent, 
were  apparently  false  positives.  Test  2,  therefore,  in  which  0.2  per 
cent,  cholesterinized  antigen  was  used  with  one  unit  of  complement 
and  icewater  bath  incubation,  would  appear  to  be  worthless  in  the 
positive  diagnosis  of  syphilis.  A  negative  reaction  with  this  test  is  of 
less  value  in  the  exclusion  of  syphilis  than  with  test  1. 

The  most  interesting  and  also  the  most  misleading  statistical  facts 
were  obtained  through  tabulations  of  test  3.  Test  3  came  out  four 
plus  in  75  per  cent,  of  patients  who  had  proven  syphilis.  It  came 
out  four  plus  in  8.5  per  cent,  of  miscellaneous  medical  cases  (including 
syphilis).  Of  these  positives  syphilis  was  found  in  92.7  per  cent. 
Only  7.3  per  cent,  of  positives  with  test  3,  therefore,  were  false  posi- 
tives. The  reliability  of  positives  with  test  3,  however,  cannot  be 
based  on  these  statistics.  While  the  facts  are  correct,  the  impression 
given  by  them  is  most  erroneous.     Of  the  patients  who  gave  four  plus 
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reactions  with  tests  1,  2  and  3,  with  negative  reactions  with  tests  4 

and  5  (that  is  4  +  4  +  4 --| )  syphiHs  was  demonstrated  in  only 

70  per  cent. ;  in  other  words,  of  the  hloods  barely  strong  enough  to 
give  a  positive  four  plus  with  tests  1,  2  and  3  (that  is  4 -|-  4+  4  + 

),  30  per  cent,  were  false  positives.     We  believe,  therefore,  that 

test  3,  carried  out  with  cholesterinized  antigen  (0.2  per  cent.),  two  units 
of  complement,  and  icewater  bath  fixation,  is  of  no  value  as  a  diag- 
nostic test.  It  appears  from  the  data  at  hand  to  be  the  borderline  test 
which  is  to  sensitive  to  give  reliable  positives  and  too  coarse  to  give 
dependable  negatives. 

Tests  4  and  5  came  out  four  plus  in  only  59  and  57  per  cent., 
respectively,  of  patients  having  demonstrable  syphilis.  They  came  out 
negative  to  three  plus  in  41  and  43  per  cent.,  respectively,  of  persons 
in  whom  syphilis  was  demonstrated  clinically.  In  marked  contrast 
with  the  previous  tests,  they  gave  no  definitely  proven  false  positives 
so  far  as  I  have  been  able  to  determine.  I  demonstrated  the  presence 
of  active  syphilis  through  history,  physical  examination,  lumbar  punc- 
turC;  or  therapeutic  test  in  98  per  cent,  of  patients  who  gave  this  type 
of  reaction  (namely  4 -\-  4 -{-  4 -\-  4 -[-  4 -\-) .  In  the  remaining  2 
per  cent.,  syphilis  was  not  proven.  I  must  add,  however,  that  this 
2  per  cent,  of  cases  were  not  adequately  examined  on  account  of 
insufficient  time  or  lack  of  cooperation  on  the  part  of  the  patient.  Tests 
4  and  5  in  which  noncholesterinized  antigens  were  used  with  two  units 
of  complement  and  icewater  bath  incubation,  appeared  to  be  the  most 
sensitive  technics  which  could  be  used  if  reliable  positives  were  to  be 
obtained.  In  fact,  if  I  were  to  alter  my  technic  at  the  present  time, 
I  would,  for  the  sake  of  dependability,  make  tests  4  and  5  a  little  less 
sensitive.  I  must  admit  also  that  while  I  stated  that  four  plus  reactions 
in  tubes  4  and  5  were  almost  proof  positive  of  syphilis  the  actual 
dependability  of  these  two  tests  could  be  more  accurately  estimated  by 
examination  of  a  group  of  patients  who  gave  four  plus  reactions  in 
these  two  tubes  with  negatives  in  tests  a  little  less  sensitive.  Unfortu- 
nately I  have  no  statistics  of  this  sort  to  tabulate. 

FALSE     POSITIVE     REACTIONS     WITH     TESTS      1,     2     AND     3 

As  Stated  previously,  tests  1,  2  and  3  give  a  surprisingly  large 
number  of  positive  reactions  in  subjects  in  whom  specific  disease  could 
not  be  demonstrated  by  other  means.  In  such  persons  these  tests  came 
out  positive  much  more  frequently  when  they  were  ill  and  visited  a 
doctor  for  this  reason  than  when  they  were  tested  as  candidates  to 
be 'donors  for  blood  transfusion  (apparently  healthy  persons).  It  was 
also  observed  that  false  positives  of  this  type  were  obtained  more 
frequently  in  patients  with  goiter  (regardless  of  size  and  toxicity), 
extreme  ptosis,  active  tuberculosis,  chronic  sepsis,  hypertension,  perni- 
cious anemia,  diabetes  and  atrophic  arthritis  than  in  persons  who  did 
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not  have  these  diseases.  These  facts  were  of  only  passing  interest  so 
that  the  cases  were  not  tabulated  carefully  for  the  purpose  of  getting 
accurate  statistics.  In  none  of  this  group  of  cases  which  gave  false 
positives  with  tests  1,  2  and  3,  inclusive,  but  in  which  syphilis  was  not 
demonstrable,  were  tests  4  and  5  positive. 

In  Table  6  are  recorded  twenty-five  consecutive  cases  of  tuberculosis 
(clinically  free  from  syphilis)  and  twenty-five  consecutive  cases  of  late 
syphilis  with  the  respective  Wassermann  reactions.  It  is  interesting 
to  contrast  the  tuberculous  cases  with  their  many  false  positive  reactions 
in  the  sensitive  tubes  with  the  large  per  cent,  of  strongly  positive 
reactions  given  by  patients  with  syphilis. 

It  is  of  interest  to  illustrate  by  titration  (Table  7)  the  large  amount 
of  complement  fixing  body  contained  in  blood  obtained  from  patients 
having  syphilis  as  compared  with  the  small  amount  of  complement  fixing 
body  contained  in  the  blood  of  nonsyphilitic  goiter  cases  giving  false 
positives  with  such  sensitive  tests  as  1  and  2.  Table  7  presents  a 
comparison  of  three  bloods  (A,  B  and  C)  taken  from  patients  with 
syphilis  titrated  down  with  the  technic  of  test  1.  For  comparison  are 
given  titrations  by  the  same  method  of  three  bloods  taken  from  goiter 
patients  (X,  Y  and  Z)  who  were  clinically  free  of  syphilis  but  who 
gave  false  positives  with  tests  1  and  2. 

The  three  bloods  taken  from  patients  with  syphilis  gave  four  plus 
reactions  even  when  infinitesmal  amounts  of  serum  were  used.  Blood 
A,  for  example,  gave  a  four  plus  reaction  with  %ooo  c.c.  of  serum ; 
blood  B  with  K.500  c.c. ;  blood  C  with  ^750  c.c.  of  serum.  In  contrast 
with  these,  each  of  three  goiter  cases  (X,  Y  and  Z)  gave  four  plus 
reactions  with  ^4o  c.c.  of  blood  but  titrations  showed  that  even  as  much 
^s  /loo  c.c.  gave  negative  results.  This  table  illustrates  how  trifling 
is  the  reaction  of  a  false  positive  blood  as  compared  with  the  blood  of 
a  patient  with  syphilis.  I  have  frequently  examined  patients  who 
have  been  told  that  their  blood  gave  a  four  plus  reaction  and  on  titrat- 
ing we  found  a  mild  reaction  (such  as  X,  Y  and  Z)  and  in  diagnostic 
tests  found  that  they  gave  four  plus  reactions  with  test  1  or  tests  1  and 
2  with  negatives  in  tests  3,  4  and  5.  Positive  reports  based  solely  on 
positive  findings  with  sensitive  tests  may  be  very  misleading. 

It  can  readily  be  understood  after  perusal  of  Table  7  that  the  four 
plus  reactions  of  goiter  bloods  (X,  Y  and  Z)  might  be  four  plus  one 
day  and  flatly  negative  the  next,  if  only  sensitive  tests  be  used.  Patients 
who  have  so  little  complement  fixing  body  in  their  blood  as  these  might 
easily  have  just  enough  to  give  a  positive  reaction  one  day  by  a  sensi- 
tive test  and  none  at  all  the  next  day.  In  fact,  I  have  frequently 
encountered  bloods  of  this  sort.  One  could  judge,  however,  from  these 
titrations  (A,  B  and  C)  how  difficult  it  would  be  for  a  real  case  of 
syphilis  having  actually  a  strongly  positive  test  to  give  a  positive  reaction 
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TABLE   6. 


■Wassermann   Reactions    Given   by    Twenty-Five    Consecutive 
Cases  Each  of  Tuberculosis  and  Syphilis 


Svphilis 

Tuberculosis 

No. 

Test  1 

Test  2 

Test  3 

Test  4 

Test  5 

Test  1 

Test  2 

Test  3 

Test  4 

Test  5 

1 

4  + 

4  + 

4  + 

4+ 

4+ 

3+ 









2 

4  + 

4  + 

4+ 

3+ 

1  + 

— 







3 

4  + 

4  + 

4  + 

4+ 

4  + 

1+ 

— 

— 





4 

4  + 

4  + 

4+ 

— 

— 

4+ 

4+ 

— 

— 

— 

5 

4  + 

4  + 

4  + 

4  + 

4+ 

4+ 

3+ 

— 

— 

— 

6 

4  + 

4  + 

4  + 

4+ 

4+ 

— 

— 





7 

4+ 

4  + 

4+ 

4  + 

4  + 

4+ 

4+ 

4+ 

— 



8 

4  + 

4+ 

4+ 

4  + 

4  + 

4+ 

— 

— 

— 



9 

4  + 

4+ 

4+ 

1+ 

— 

— 

— 





10 

4  + 

4  + 

2  + 

— 

— 

— 

— 

— 





11 

4  + 

4+ 

4  + 

4+ 

4-1- 

4+ 

— 

— 

— 

— 

12 

4  + 

4  + 

— 

— 

— 

— 

— 

— 

— 

— 

13 

4  + 

4  + 

4  + 

4+ 

4+ 

4+ 

4+ 

— 

— 



14 
15 
16 

4+ 
4  + 
4+ 

4  + 

4  + 

4+ 

4  + 

4+ 

4+ 

— 

— 

— 

4  + 

4  + 

2+ 

1+ 

4+ 

4+ 







17 

4  + 

4  + 

4  + 

4+ 

4+ 

— 

— 



— 



18 

4  + 

4  + 

4  + 

— 

— 

— 

— 

— 

— 

— 

19 

4  + 

4  + 

4  + 

4+ 

4+ 

4+ 

3+ 

— 





20 

3  + 

1  + 

— 

— 

— 

— 

— 

— 



21 

4  + 

4+ 

4  + 

4  + 

4+ 

— 

— 

— 

— 

— 

22 

4  + 

4  + 

4  + 

4  + 

4+ 

4+ 

— 

— 

— 

23 

4  + 

4  + 

4  + 

4+ 

4+ 

— 

— 

— 

— 

— 

24 

4  + 

4  + 

4  + 

2+ 

1+ 

3+ 

— 

— 

— 

— 

25 

4  + 

4+ 

3+ 

— 

— 

2+ 

— 

— 

— " 

~ 

TABLE  7. — Comparison  by  Titration  of  Strong  Positive  Specific  Bloods 
WITH  Those  of  Goiter  Patients  Who  Gave  False  Positwe  Reactions 
with   Test  1 


strong  Positive  Serums 
(Three  Syphilitic  Cases) 


Goiter  Cases  (With  False  Positive 
Reaction  in  Test  1) 


Se  I'll  111 

A 

B 

C 

Dilution 

X 

Y 

Z 

1:10  c.c. 

4+ 

4  + 

4  + 

1:10  c.c. 

4+ 

4  + 

4  + 

1:15  CO. 

4  + 

4  + 

4  + 

1:15  c.c. 

4+ 

4  + 

4  + 

1:20  c.c. 

4  + 

4  + 

4  + 

1:20  c.c. 

4  + 

4-f- 

4  + 

1:30  c.c. 

4+ 

4+ 

4+ 

1:30  c.c. 

4+ 

4  + 

4  + 

1:40  c.c. 

4+ 

4+ 

4  + 

,       1:40  c.c. 

4+ 

4+ 

4  + 

1:60  c.c. 

4  + 

4  + 

4+ 

1:60  c.c. 

4+ 

2  + 

1  + 

1:80  c.c. 

4+ 

4  + 

4  + 

1:80  c.c. 

2+ 

— 

— 

1:120  c.c. 

4+ 

4+ 

4+ 

1:120  c.c. 

— 

— 

— 

1:160  c.c. 

4  + 

4  + 

4  + 

1:160  c.c. 

— 

— 

— 

1:240  c.c. 

4  + 

4  + 

4+ 

1:320  c.c. 

4  + 

4  + 

4  + 

1:480  c.c. 

4+ 

4  + 

4  + 

1:640  c.c. 

4  + 

4  + 

4  + 

1:960  c.c. 

4  + 

4  + 

4+ 

1:1280  c.c. 

4+ 

4+ 

3+ 

l:150Oc.c. 

4  + 

4+ 

3+ 

1:1750  c.c. 

4  + 

3+ 

2+ 

1:2000  c.c. 

4  + 

1  + 

2  + 

■1:2.500  c.c. 

4  + 

1+ 

— 

1:3000  c.c. 

4  + 

— 

— 

1:4500c. e. 

4+ 

— 

— 

1:6000  c.c. 

4+ 

— 

— 

1:7500  c.c. 

2+ 

— 

— 

1:9000  c.c. 

— 

— 

— 
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one  day  and  a  negative  reaction  the  next,  (except  possibly  after  the 
use  of  alcohol-Craig)  for  in  the  ordinary  diagnostic  test  Y20  c-c.  or  more 
of  blood  is  usually  used.  I  have  never  encountered  a  blood  which 
gave  a  real  positive  test  (a  four  plus  reaction  in  all  five  tubes)  which 
became  negative  except  after  weeks  or  months  of  time  or  treatment. 
It  has  not  been  rare  in  my  experience,  however,  for  a  four  plus  in 
test  1  with  negatives  in  tests  2,  3,  4  and  5,  to  change  after  a  week  or 
so  to  a  flat  negative. 

I  might  also  point  out  (using  Table  7  as  an  example)  how  need- 
less it  is  to  use  in  a  diagnostic  test  an  amount  of  serum  much  greater 
than  about  %o  c.c.  when  it  is  possible  to  devise  a  technic  so  delicate 
that  as  little  as  %ooo  c.c.  has  been  known  to  give  a  four  plus  reaction. 
The  use  of  large  amounts  of  blood  serum  unfortunately  gives  rise  to 
sources  of  error  due  to  anticomplementary  bodies,  natural  antisheep 
amboceptor,  etc.  These  sources  of  error  are  reduced  when  small  quanti- 
ties of  the  patient's  serum  are  used  in  the  tests. 

THE     IXTERPRETATIOX     OF     POSITIVE,      NEGATIVE     AXD     DOUBTFUL 

REACTIONS 

It  seems  that  the  nearest  one  can  approach  the  ideal  W'assermann 
test  at  present  is",  first,  to  employ  one  or  more  tests  sensitive  enough 
to  come  out  four  plus  in  a  great  majority  of  cases  of  syphilis ;  second, 
to  employ  one  or  more  tests  so  coarse  or  insensitive  that  they  will 
under  almost  no  circumstances  give  a  false  positive ;  third,  to  employ  an 
intermediate  test  which  is  reasonably  delicate  and  reasonably  coarse,  and 
which  can  be  observed  and  taken  with  a  grain  of  salt.  When  tests 
are  carried  out  in  this  way,  clean  cut  definite  information  can  be  gained. 
Active  syphilis  can  be  excluded  almost  entirely  (error  very  small)  if 
every  test  comes  out  flatly  negative.  Syphilis  is  almost  proven  posi- 
tively if  every  test  results  in  four  plus.  Difficulty  arises  when  the 
delicate  tests  are  positive,  and  the  coarse  tests  are  negative.  In  this  case 
syphilis  is  neither  proven  nor  disproven.  Such  a  reaction,  according 
to  my  experience,  must  be  termed  "doubtful"  or  ''suspicious"  and  had 
better  be  excluded  from  use  in  diagnosis.  The  diagnosis  of  syphilis 
in  patients  giving  doubtful  reactions  of  this  sort  is  subject  to  smaller 
error  if  based  entirely  on  history,  physical  examination,  lumbar  puncture 
or  the  therapeutic  test. 

SERUM     TITRATIONS     AS     A     GUIDE     IN     THERAPY 

^^'hile  in  my  own  work  I  use  the  term  strongly  positive  in  discuss- 
ing bloods  which  give  four  plus  reactions  in  all  five  tubes,  I  realize 
that  in  order  to  determine  the  real  strength  of  a  positive  blood  and 
call  it  actually  strongly  positive  one  must  titrate  CTables  2  and  3).  This 
is  of  more  value  in  following  the  treatment,  however,  than  it  is  in 
making  a  diagnosis. 
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This  paper  deals  primarily  with  the  Wassermann  test  as  a  diagnostic 
measure.  However,  I  cannot  refrain  from  saying  something  about  the 
value  of  serum  titrations  as  a  guide  to  treatment  and  the  inadequacy 
of  a  simple  diagnostic  technic  for  this  purpose.  Tables  8  and  9  show 
how  confusing  the  \\'assermann  results  may  be  in  judging  the  result 
of  treatment  unless  titrations  are  made.  I  have  followed  this  procedure 
as  a  routine  for  two  years  in  the  majority  of  specific  cases  under  my 
care  and  the  titrations  are  shown  in  Tables  8  and  9  as  a  typical  example. 

TABLE  8.  —  Wassermann  Results  of  the  Five  Tube  Test  in  a  Patient 
Under  Treatment  from  April  to  March  (Eleven  Months).  Note 
Absence  of  Apparent  Improvement  and  Compare  with  Titration  Results 
Made  Simultaneously  Shown  in  Table  9 


April 

June 

July 

4  + 
4  + 

4  + 

4  + 
4+ 

Aug. 

Oct. 

Jan. 

Feb. 

March 

0.4%  cholesterinized  antigen 

0.2%  cholesterinized  antigen 

0.2%  cholesterinized  antigen 

(2  D  complement) 

4+ 
4+ 
4  + 

4  + 
4+ 

4  + 
4+ 
4+ 

4  + 

4  + 

4+ 

4+ 
4  + 

4+ 
4  + 

4+ 
4+ 
4+ 

4  + 
4+ 

4+ 
4  + 
4+ 

4+ 
4  + 

4+ 

4  + 
4+ 

4  + 
3+ 

4  + 
4+ 
4  + 

3+ 

1  + 

TABLE  9. — Wassermann  Titrations  Made  Simultaneously  with  Diagnostic 
Tests  Shown  in  Table  8.  Note  AIarked  Improvement  Whjch  Was  Not 
Shown  by  the  Diagnostic  Re.\ctions 


Serum 

1:10  c.c 

1:15  e.c 

1:20  c.c 

1:30  e.c 

1:40  c.c 

1:60  c.c 

1:80  c.c 

1:120  c.c 

I:lfi0c.c 

1:240  c.c 

l:.320c.c 

1:480  c.c 

1:040  c.c 

l:9*:0c.c 

1:1280  c.c 

1:1-500  c.c 

1:1750  e.c 

1:2000  c.c 

I:2,o00c.c 

l:3000c.c 

l:450Oc.c 


Table  8  shows  \\'assermann  results  obtained  with  the  five  tube  diag- 
nostic test  previously  described  used  on  a  patient  under  treatment  at 
different  dates  (April  to  March).  During  this  period  of  eleven  months 
the  patient  was  under  antispecific  treatment  and  improved  clinically. 
It  can  be  noted,  however,  that  during  this  entire  period  tests  1,  2  and  3 
were  all  unchanged.  They  were  four  plus  in  the  beginning  of  treat- 
ment and  four  plus  at  the  end  of  this  period.  Test  4  showed  no  change 
for  eleven  months  when  it  became  three  plus  instead  of   four  plus. 
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Test  5  showed  no  change  for  ten  months  when  it  became  less  strongly 
positive.  Should  one  have  this  chart  alone  he  might  wonder  why  this 
patient  had  not  shown  more  improvement  serologically  during  this 
period.  Was  he  a  Wassermann-fast  case,  an  incurable  cerebral  case, 
or  what?  A  dift'erent  impression  is  gained  from  Table  9  which  gives 
the  result  of  serum  titrations  carried  out  simultaneously  with  the  diag- 
nostic tests.  It  shows  that  in  April  the  patient  gave  a  four  plus  reac- 
tion with  ^000  c.c.  of  serum;  in  August  with  %oo  c.c,  in  January  with 
^00  c.c,  in  February  with  %oo  c.c.  and  that  in  March  %o  c.c.  of  serum 
was  required  to  give  a  four  plus  reaction.  (I  have  chosen  arbitrarily 
the  set-up  of  test  3  for  serum  titrations).  In  other  words,  between  July 
and  February  almost  no  improvement  was  shown  serologically  by  the 
ordinary  diagnostic  tests  (Table  8),  whereas  titrations  disclosed  the  fact 
that  the  patient  had  only  /4ooo  the  amount  of  complement  fixing  body 
in  his  blood  in  March  as  he  had  at  the  beginning  of  treatment.    In  other 

TABLE  10. — Example  of  a  So-Called  Wassermann-Fast  Case.  Serum  Was 
AT  No  Time  Intensely  Positive.  However,  It  Was  Not  Materially 
Altered  During  Eleven  Months  by  Many  Different  Plans  of  Treat- 
ment.    Case  Appears  Clinically  to  Be  One  of  Impending  Paresis 


Serum                            I  Mare 

1:10  c.e !  4+ 

l:l5c.c 4+ 

1:20  C.C 4+ 

1:30  c.c 4+ 

1:40  C.C !  4+ 

1:60  c.c 4+ 

1:80  c.e 4+ 

l:l20e.c 3+ 

1:160  c.c 1+ 

1:240  c.c — 


April 

May 

Aug. 

Sept. 

4+ 

4  + 

4  + 

4  + 

4+ 

4+ 

4+ 

4  + 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

4+ 

4  + 

4+ 

4+ 

4+ 

4  + 

4+ 

4+ 

4+ 

4+ 

4+ 

2+ 

2+ 

4  + 

3+ 

— 

2+ 

— 

— 

— 

— 

Dec. 


Feb. 


4  + 

4+ 
4+ 

3  + 
2  + 


4+ 

4  + 
4+ 
4+ 
4+ 
4+ 
2+ 


words,  instead  of  being  serologically  unfavorable,  he  was  actually  favor- 
able, considering  the  fact  that  he  was  a  late  case.  In  following  therapy 
be  means  of  the  Wassermann  reaction,  the  occasional  sending  of  blood 
to  a  laboratory  or  to  several  laboratories  for  Wassermann  tests  may 
give  the  poorest  possible  information  concerning  the  results  of  therapy 
and  concerning  prognosis,  unless  the  physician  acquaints  himself  with 
the  type  and  delicacy  of  the  method  used  by  his  laboratory  consultant. 
Both  patient  and  physician  can  be  unnecessarily  discouraged  and  misled 
by  the  continued  finding  of  a  four  plus  reaction  obtained  by  a  sensitive 
method. 

Repeated  titrations  on  patients  under  treatment  make  the  so-called 
Wassermann-fast  case  appear  much  less  common.  The  blood  illustrated 
in  Table  9  would  appear  (falsely)  to  be  \\^assermann-fast  if  the  diag- 
nostic tests  1,  2  or  3  alone  had  been  used.  In  Table  10  is  shown  what 
appears  to  be  an  example  of  a  real  Wassermann-fast  case.  This  patient 
(with  impending  paresis)  had  been  under  treatment  for  months  before 
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he  came  under  observation.  While  under  my  care  he  showed  practi- 
cally no  improvement,  although  many  different  plans  of  therapy  were 
employed.  Repeated  tests  made  over  a  period  of  eleven  months  showed 
that  the  blood  serum,  although  at  no  time  intensely  positive,  was  almost 
as  strongly  positive  at  the  end  as  it  was  at  the  beginning  of  treatment 
(it  gave  a  four  plus  reaction  with  Yqq  c.c.  of  serum).  In  fact,  at  no 
time  was  the  Wassermann  reaction  reduced  to  the  point  where  less  than 
YoQ  c.c.  would  give  a  four  plus  reaction  with  test  3.  Failure  to  improve 
serologically  is  a  bad  prognostic  sign.  A  patient  who  persistently,  and 
in  spite  of  treatment,  fails  to  improve  serologically,  or  who  improves 
while  under  treatment  and  quickly  drops  back  (in  from  one  to  three 
months)  when  treatment  is  discontinued,  does  not  do  well  eventually, 
as  a  rule. 

SUMMARY     AND     CONCLUSIONS 

The  ideal  Wassermann  reaction  is  the  result  of  a  test  sensitive 
enough  to  be  positive  in  every  case  of  active  syphilis  and  negative  in 
patients  not  afiflicted  with  syphilis.  Stich  a  test,  however,  is  a  theoretical 
and  practical  impossibility.  A  test  sensitive  enough  to  be  positive  in 
the  great  majority  of  patients  with  late  syphilis  is,  of  necessity,  so  sensi- 
tive that  it  will  be  positive  in  a  certain  proportion  of  patients  who  do 
not  have  syphilis.  On  account  of  this  I  have  used  for  several  years  a 
five  tube  test,  two  tubes  of  which  I  have  endeavored  to  make  delicate 
enough  to  give  a  positive  result  almost  invariably  in  patients  with  active 
syphilis,  two  tubes  so  coarse  or  insensitive  as  virtually  never  to  give  a 
false  positive,  and  one  intermediate  tube. 

In  this  paper  I  have  compared  the  clinical  and  serologic  findings  in 
a  series  of  chronic  medical  cases  to  determine,  if  possible,  the  exact  value 
and  significance  of  both  positive  and  negative  reactions  in  each  tube 
(set-up  in  the  five  dift'erent  ways  described  previously) .  The  most  sensi- 
tive tube  (cholesterinized  antigen  0.4  per  cent.,  one  unit  of  complement, 
icewater  bath  incubation)  was  found  by  titration  to  be  approximately 
eight  times  as  delicate  as  the  least  sensitive  one  (alcoholic  extract  antigen, 
two  units  of  complement,  icewater  bath  incubation). 

The  tabulations  showed  that  tube  1  (extremely  sensitive)  gave  a 
four  plus  reaction  in  95  per  cent,  of  patients  in  whom  syphilis  could  be 
demonstrated  by  other  means ;  a  one  to  three  plus  reaction  was  obtained 
in  four  of  the  remaining  5  per  cent,  of  cases,  and  a  fiat  negative  was 
obtained  in  less  than  1  per  cent.  It  came  out  four  plus  in  31  per  cent, 
of  miscellaneous  medical  cases  regardless  of  diagnosis.  Of  this  31  per 
cent,  which  gave  positive  tests,  syphilis  could  be  demonstrated  by  other 
methods  in  only  32.7  per  cent.  In  other  words,  67.8  per  cent,  were 
apparently  false  positives.  Furthermore,  it  was  found  that  of  patients 
who  gave  a  positive  reaction  in  this  tube  with  negative  reactions  with 
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the  coarser  ones,  apparently  93.5  per  cent,  were  false  positives.  A  posi- 
tive reaction  with  a  test  of  this  delicacy,  therefore,  is  of  no  value  what- 
ever in  the  positive  diagnosis  of  syphilis.  A  negative  reaction,  however, 
is  very  useful  in  its  exclusion. 

Tube  5,  which  was  relatively  insensitive  (noncholesterinized  antigen 
with  two  units  of  complement  and  icewater  bath  incubation)  came  out 
positive  in  57  per  cent,  of  patients  who  had  syphilis  which  could  be 
demonstrated  by  other  means.  Syphilis  was  proven  positively  in  98  per 
cent,  of  patients  who  gave  a  four  plus  reaction  in  this  tube.  No  evidence 
of  syphilis  was  found  in  the  remaining  2  per  cent.  This  might  have 
been  attributable,  however,  in  part,  to  the  circumstance  that  they  were 
not  examined  adequately.  A  positive  reaction  with  tests  of  this 
delicacy  (only  moderately  sensitive)  is  believed,  therefore,  to  be  almost 
proof  positive  of  syphilis.  It  is  quite  apparent,  however,  that  a  negative 
reaction  could  be  of  no  value  whatever  in  its  exclusion. 

The  intermediate  tube  3  (cholesterinized  antigen  0.2  per  cent,  with 
two  units  of  complement  and  icewater  bath  incubation)  was  less 
interesting  and  useful  than  the  more  extreme  ones.  It  gave  four  plus 
reactions  in  75  per  cent,  of  patients  with  proven  syphilis.  It  came  out 
four  plus  in  8.5  per  cent,  of  miscellaneous  medical  cases  (including 
syphilis).  Only  7.3  per  cent,  of  this  latter  group  of  positives  were 
false  positives.  Of  the  miscellaneous  cases,  however,  which  gave  posi- 
tive reactions  in  this  tube  with  negatives  in  the  less  sensitive  tubes 
(4  and  5),  30  per  cent,  were  apparently  false  positives.  The  depend- 
ability of  both  positive  and  negative  reactions  obtained  by  a  test  of  this 
delicacy,  therefore,  would  appear  to  be  practically  nil. 

The  above  statistics  are  of  additional  interest  because  of  the  fact  that 
they  were  obtained  almost  entirely  from  a  study  of  chronic  late  cases 
of  syphilis. 

Judging  from  the  data  recorded,  it  seems  apparent  that  if  extremely 
sensitive  and  reasonably  coarse  (or  insensitive)  tests  are  carried  out 
simultaneously,  valuable  information  can  be  gained  not  only  concerning 
the  positive  diagnosis  of  syphilis  but  also  concerning  its  exclusion.  This 
divides  medical  cases  into  three  classes,  so  far  as  the  diagnosis  of 
syphilis  is  concerned,  namely,  those  in  whom  syphilis  can  be  diagnosed 
positively  by  blood  examination  alone  (that  is  when  every  test  reacts 
four  plus)  ;  those  in  whom  the  possibility  of  syphilis  can  be  almost 
excluded  by  blood  examination  alone  (that  is  when  every  test  is 
negative),  and  those  in  which  blood  examinations  are  of  no  service 
whatever  (that  is  when  the  sensitive  tests  react  positive  and  the  less 
delicate  ones  negative  to  three  plus).  In  cases  of  this  class  the  diagnosis 
or  exclusion  of  syphilis  must  be  based  entirely  on  histor\%  physical 
examination,  lumbar  puncture  and  therapeutic  test. 
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False  positive  reactions  with  sensitive  tests  were  obtained  more 
frequently  in  individuals  who  were  ill  than  it  was  in  a  series  of  healthy 
individuals  who  were  tested  as  candidates  to  be  donors  for  blood  trans- 
fusion. It  was  also  observed  that  false  positive  reactions  of  this  type 
were  obtained  more  frequently  in  patients  who  had  goiter  (regardless 
of  size  and  toxicity)  extreme  ptosis,  active  tuberculosis,  chronic  sepsis, 
hypertension,  pernicious  anemia,  diabetes  and  atrophic  arthritis,  than 
it  was  in  individuals  who  did  not  have  these  diseases.  In  no  instance, 
however,  did  patients  with  the  above  diseases  in  whom  the  possibility 
of  syphihs  could  apparently  be  excluded,  give  four  plus  reactions  with 
the  less  sensitive  tests  (4  and  5). 

In  following  the  results  of  treatment,  simple  diagnostic  tests  in  our 
hands  were  misleading.  The  real  progress  of  a  patient  can  be  followed 
much  more  satisfactorily,  so  far  as  serology  is  concerned,  by  the  use  of 
titrations. 

I   wish    to   acknowledge   with   pleasure   the    expert   assistance    in   this   work 
of  Miss   Elizabeth  Leas,  clinical   laboratory  assistant. 


STUDIES    IN    ASYMPTOMATIC    NEUROSYPHILIS 

III.     THE     APPARENT    INFLUENCE    OF     PREGNANCY    ON     THE     INCIDENCE 
OF     NEUROSYPHILIS     IN     WOMEN  * 

JOSEPH    EARLE    MOORE,    M.D. 

BALTIMORE 

In  the  second  paper  of  this  series  ^  it  was  pointed  out  that  in 
spite  of  the  fact  that  cHnical  neurosyphilis  is  more  common  in  men 
than  in  women,  c}1:obiologic  abnormahties  in  the  cerebrospinal  fluid 
of  primary  and  secondary  syphilitics  are  equally  frequent  in  the  two 
sexes.  Futhermore,  evidence  was  presented  to  show  that  from  the 
group  of  patients  showing  these  early  fluid  abnormalities  (early  asymp- 
tomatic neurosyphilis)  arise  most,  if  not  all,  of  the  late  cases  of  clinical 
meningeal  and  parenchymatous  neurosyphilis.  Since  women  are  com- 
paratively exempt  from  clinical  neurosyphilis,  there  must  be  some 
special  factor,  applying  only  to  the  female  sex,  which  inhibits  its 
development.  It  was  suggested  that  pregnancy  might  be  the  factor  in 
question.  The  purpose  of  this  paper  is  to  examine  this  point  more  in 
detail. 

The  literature  is  replete  with  statistics,  dating  from  the  earliest 
days  of  the  study  of  syphiHs,  regarding  the  comparative  incidence  of 
neurosyphilis  in  the  two  sexes.  The  most  complete  are  those  recently 
published  by  Gartner  -  on  general  paresis.  He  finds,  on  the  basis  of 
the  incidence  of  paresis  over  a  period  of  years  in  a  population  of  about 
38,000,000  Germans,  that  the  ratio  of  paretic  men  to  women  is  3.43:1. 
Gartner  and  other  authors,  notably  Fournier,"  suggest  that  this  differ- 
ence is  largely  due  to  the  higher  incidence  of  syphilis  in  men  than  in 
women,  together  with  extraneous  factors  such  as  the  greater  stress  of 
masculine  activities. 

Virtually,  all  women  with  acquired  syphilis  are  within  the  child 
bearing  period  and  are  thus  subject  to  any  influence  which  pregnancy 


*  From  the  Syphilis  Department  of  the  ^ledical  Clinic,  Johns  Hopkins 
Hospital. 

*  This  clinical  research  has  been  aided  by  grants  from  the  United  States 
Interdepartmental  Social  Hygiene  Board  and  from  the  American  Social  Hygiene 
Association. 

1.  Moore,  J.  E. :  Studies  in  Asymptomatic  Neurosyphilis.  II.  The  Classi- 
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2.  Gartner,  W. :  Ueber  die  Haufigkeit  der  progressiven  Paralyse  bei  kul- 
tivierten  und  unkultivierten  Volkern.  Eine  statistische,  biologische,  und 
Immunitatsuntersuchung  iiber  die  Svphilis,  Ztschr.  f.  Hyg.  u.  Infektionskr.  92: 
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may  exert.  Congenital  neurosyphilis,  however,  for  example,  juvenile 
paresis,  develops  in  most  instances  before  the  child  bearing  age.  In 
this  condition,  according  to  statistics  gathered  by  Schmidt-Kraepelin,'* 
both  sexes  are  about  equally  affected,  with  only  a  slight  preponderance 
of  males. 

Statistical  data  from  the  Syphilis  Clinic  of  the  Johns  Hopkins 
Hospital  are  available  for  the  examination  of  this  problem.  The  clinic 
is  for  charity  patients  only.  Its  clientele  is  almost  equally  divided 
between  the  white  and  colored  races.  As  to  sex,  there  are  about  equal 
numbers  of  white  and  colored  males,  but  colored  females  predominate 
over  white  Avomen  in  the  ratio  of  about  3  :2.  This  racial  distribution 
must  be  taken  into  consideration  in  connection  with  the  percentage  data 
given  for  the  sex  incidence  of  neurosyphilis.  The  comparative  freedom 
of  negroes  from  neurosyphilis  ^  tends  to  distort  the  percentages  some- 
what in  favor  of  the  female  sex.  For  the  purpose  of  the  present  dis- 
cussion,  however,   the   question   of   race   has   been    disregarded,   since 

TABLE  1. — The  Incidence  According  to  Sex  of  Various  Types  of  Syphilis, 

AND   Especially  Neurosyphilis,  Based  on  the  Admission 

Diagnoses  of  5,410  Syphilitic  Patients 


Male 


Number  Per  Cent,  of 

Diagnosis  of  Oases  Total  Males 

Earlv  syphilis  (primary  and  secondary)...   1,089  36.60 

Late  syphilis  (tertiary^ V22  24.29 

r  Tabes 140  4.71    1 

General  paresis 207  6.96    | 

Xeurosvphilis  ]  Meningeal 50  1.68     \     20.38 

Vascular 33  1.11 

t  Unclassified 175  5.88 

Latent  syphilis 715 


Female 


Number 

of  Oases 

604 

643 

f       22 

I       49 

22 

7 

58 

1,130 


Per  Cent,  of 

Total  Females 

24.77 

26.37 


0.90 
2.01 
0.90 
0.28 
2.37 


6.47 


J 
47.57 


both  whites  and  blacks  are  subject  alike  to  the  factor  of  pregnancy. 
The  social  level  of  these  patients  needs  little  explanation.  For  the 
most  part,  they  are  unskilled  laborers  and  their  families. 

Reference  to  Table  1  shows  that  of  5,410  patients  with  syphilis, 
54  per  cent,  are  males,  46  per  cent,  females.  There  is,  thus,  no  great 
preponderance  of  syphilis  in  men  in  this  class  of  patients.  In  order 
to  emphasize  the  influence  of  pregnancy  on  the  disease,  all  admission 
diagnoses  have  been  tabulated.  Marked  sex  variations  are  apparent  in 
three  of  the  four  groups.  The  lower  percentage  of  females  with 
early  syphilis  is  partly  due  to  the  anatomic  difference  in  the  sexes,  with 
the  consequent  difficulty  of  detection  of  primary  syphilis  in  the  female. 
(Secondary  syphilis  is  about  equally  frequent  in  the  two  sexes:  22.9 


4.  Schmidt-Kraepelin,  T. :  Ueber  die  Juvenile  Paralyse,  Monogr.  a.  d.  Gesamt- 
gehiete  d.  Neurol,  u.  Psychiat.,  Julius   Springer.  Berlin  20:    1920. 

5.  Zimmerman,    E.   L. :   A.   Comparative   Study   of   Syphilis    in   Whites    and 
Negroes,  Arch.  Dermal.  &  Syph.  4:75  (July)   1921. 
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per  cent,  males  as  against  21.5  per  cent,  females).  No  sex  variation 
is  evident  in  the  incidence  of  tertiar)^  syphilis.  Latent  syphilis,  how- 
ever, is  twice  as  frequent  in  women  as  in  men.  This  striking  difference 
is  due,  together  with  part  of  the  variation  in  the  incidence  of  primary 
syphilis,  to  the  effect  of  pregnancy  on  the  course  of  the  disease.  No 
less  than  470,  or  42  per  cent.,  of  the  women  with  latent  syphilis,  were 
pregnant  on  admission  to  the  clinic. 

The  fact  that  women  who  bear  syphilitic  children  often  give  no 
history  of  syphiHs  and  present  no  signs  of  the  disease  (except  a  posi- 
tive blood  Wassermann  reaction)  has  long  been  common  knowledge. 
A  study  of  the  pregnant  women  in  this  clinic,  now  in  progress,  has 
convinced  us  that  the  usual  early  manifestations  of  syphilis  are  markedly 
altered  by  the  occurrence  of  pregnancy.  A  woman  infected  at  or 
shortly  after  the  time  of  conception  usually  does  not  develop  a  chancre 
or  secondarv'  syphilis.  When  infection  takes  place  late  in  pregnancy, 
on  the  other  hand,  the  usual  course  of  events  may  follow,  but  is  often 
much  delayed.  Substantiation  of  these  clinical  data  in  experimental 
syphilis  is  furnished  by  the  recent  work  of  Brown  and  Pearce.*^ 

If  such  striking  alterations  in  the  early  course  of  the  disease  can 
be  caused  by  a  concurrent  pregnancy,  it  is  of  great  interest  to  examine 
the  later  course  of  syphilitic  women  who  have  been  pregnant  as  con- 
trasted with  those  in  whom  no  pregnancy  has  occurred  since  infection. 
In  the  preceding  paper  of  this  series,  it  was  shown  that  the  incidence 
of  spinal  fluid  abnormalities  in  113  women  with  primary  or  secondary 
syphilis  (examination  of  the  fluid  having  been  carried  out,  in  most 
instances,  within  the  first  two  years  of  the  disease)  was  22.1  per  cent., 
as  compared  with  21.6  per  cent,  in  a  similar  group  of  217  men.  None 
of  these  women  were  pregnant  at  the  time  of  infection,  and  all  had 
passed  through  the  usual  course  of  early  syphilis.  This  is  a  satisfactory 
demonstration  that  in  the  early  stages  of  the  disease,  when  pregnancy 
can  be  excluded  as  a  modifying  factor,  the  nervous  systems  of  both 
sexes  are  equally"  liable  to  invasion  by  the  organism.  In  order  to 
determine,  therefore,  the  possible  influence  of  pregnancy,  late  syphilis 
only  (of  more  than  one  year's  duration)  should  be  chosen.  There 
must  be  contrasted  the  incidence  of  clinical  neurosyphilis  and  of  spinal 
fluid  abnormalities,  first  in  women  as  compared  with  men,  and  second 
in  a  group  of  women  who  were  pregnant  at  or  since  infection  as 
compared  with  a  group  who  have  had  no  pregnancies. 

In  Table  1  it  is  shown  that  20.38  per  cent,  of  the  cases  in  males 
were   diagnosed   as   being  clinically    neurosyphilitic   on   admission,    as 


6.  Brown,  W.  H.  and  Pearce,  L. :  On  the  Reaction  of  Pregnant  and  Lactating 
Females  to  Inoculation  with  Treponema  Pallidum;  A  Preliminary  Note,  Am.  J. 
Syph.  4:593  (Oct.)   1920. 
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compared  with  only  6.47  per  cent,  of  the  females.  For  every  case  of 
neurosyphilis  in  the  female,  therefore,  there  are  3.13  cases  in  the  male. 
Further  analysis  shows  the  following  ratios : 

Cerebrospinal   syphilis    (unclassed) .  .for  1  female,  there  are  2.48  males 

Tabes   dorsalis    for  1  female,  there  are  6.36  males 

General  paresis    for  1  female,  there  are  4.22  males 

Meningeal    neurosyphilis    for  1  female,  there  are  2.27  males 

Vascular  neurosyphilis    for  1  female,  there  are  4.71  males 

These  figures  are  more  accurate  than  those  usually  given,  since 
they  are  based  on  the  total  number  of  male  and  female  patients  with 
syphilis,  rather  than  on  neurosyphilitics  only.  With  regard  to  the  pro- 
portion of  pregnant  and  nonpregnant  females,  data  regarding  this 
series  are  not  available.  Junius  and  Arndt,^  however,  to  mention 
only  one  of  many  articles  dealing  with  this  point,  state  that  from  47 
to  49  per  cent,  of  paretic  women  are  sterile,  as  compared  to  16  or  20 
per  cent,  of  childless  women  in  the  general  population.    These  authors, 

TABLE  2. — The  Incidence  of  Spinal  Fluid  Abnormalities  in  Late  Syphilis 

Without  Evidence  of  Neurologic  Damage:   A  Comparison 

OF  Men  and  Women 


Male 

Female 

Total 

Abnormal 

Per  Cent. 

Total 

Abnormal 

Per  Cent. 

Diagnosis 

Cases 

Fluids 

Abnormal 

Cases 

Fluids 

Abnormal 

II.  Recurrent 

8 

2 

25.0 

4 

— 

0.0 

II.  Late 

2 

— 

— 

1 

— 

— 

III.  Skin      and     mucous 

membrane 

30 

8 

26.6 

39 

3 

7.8 

III.  Bone 

40 

0 

20.0 

31 

4 

12.9 

III.  Cardiovascular 

38 

7 

18.4 

10 

2 

20.0 

III.  Visceral 

14 

4 

28.5 

17 

— 

— 

Latent 

177 

39 

22.0 

131 

29 

22.1 

Total 

309 

65 

21.03 

233 

38 

16.3 

and  others,  have  all  dealt  with  the  subject  from  the  standpoint  of  the 
influence  of  syphilis  on  child  bearing,  to  show  that  syphilis  causes 
steriUty.  So  far  as  I  am  aware,  it  has  not  been  suggested  heretofore 
that  pregnancy  may  alter  the  incidence  of  neurosyphilis  in  women, 
and  that  about  half  the  paretic  females  may  be  paretic  because  of  their 
sterility. 

A  further  important  point  is  the  incidence  of  abnormal  spinal  fluids 
in  late  syphilitics  without  demonstrable  neurologic  abnormalities.  For 
examination  of  this  question  542  patients  from  this  clinic  are  available. 
It  is  shown  in  Table  2  that  of  309  men,  21.03  per  cent,  had  abnormal 
fluids,  as  compared  with  16.3  per  cent,  fluid  abnormalities  in  233 
women.  The  percentage  of  abnormal  spinal  fluids  in  late  syphilis  of 
males  is  almost  the  same  as  the  percentage  in  early  syphilis  (21.03  as 


7.  Junius.  P.,  and  Arndt.  M. :    Ueher  die  Deszendenz  der  Parah'tiker.  Ztschr. 
f.  d.  Ges.  Neurol,  u.  Psychiat.  17:303,  1913. 
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compared  with  22.9).  In  women,  on  the  contrary,  spinal  fluid  changes 
are  less  frequent  in  late  than  in  early  syphilis  (16.3  per  cent,  as  com- 
pared with  22.1  per  cent.). 

If  pregnancy  is  a  factor  of  importance  in  causing  this  lowered 
incidence,  those  women  with  late  syphilis  who  have  been  pregnant 
since  their  infection  should  show  a  lower  proportion  of  abnormal  fluids 
than  those  who  have  never  been  pregnant.  That  this  is  actually  the 
case  is  shown  in  Table  3.  Of  ninety  late  syphilitic  women  who  had 
never  been  pregnant,  or  had  borne  children  only  before  infection  with 
syphilis,  22.2  per  cent,  had  abnormal  fluids,  while  of  142  cases  in 
which  pregnancy  had  occurred  one  or  more  times  after  infection,  only 
11.2  per  cent,  were  thus  abnormal.  The  same  phenomenon  is  observed 
whether  tertiary  manifestations  of  syphilis  were  present,  or  whether 
the  disease  was  latent.  The  proportion  of  spinal  fluid  abnormalities 
in  late  syphilis,  when  no  pregnancies  have  occurred,  is  thus  precisely 
the  same  as  that  observed  in  early  syphilis.  In  pregnant  women,  this 
percentage  is  reduced  by  one  half. 

TABLE  3. — The  Comparative  Ixcidexce  of  Late  Asymptomatic  Neurosyphilis 
IN  WoMEX,  Showing  the  Effect  of  Pregnancy  on  the  Disease 

Syphilis  Contracted  at  Conception 

or  Pregnant  Since  Infection  Never  Pregnant  Since  Infection 


Total  Abnormal  Per  Cent.  Total  Abnormal  Per  Cent. 

Diagnosis                     Cases  Fluids  Abnormal  Cases  Fluids  Abnormal 

Tertiary 54  2                   3.7  44  7  15.9 

Latent S9  14                   15.6  46  13  28.2 

Total 143  16                    11.2  90  20  22.2 


Included  in  the  "pregnant"  group  are  a  considerable  number  of 
cases  of  conceptional  syphilis — that  is,  infection  with  syphilis  simul- 
taneously with  conception,  and  with  consequent  suppression  of  the 
early  lesions  of  the  disease.  Thus  a  history  of  primary  or  secondary 
syphilis  was  obtained  in  only  21.8  per  cent,  of  the  patients  in  this 
group,  as  contrasted  with  53.4  per  cent,  in  the  "never  pregnant"  group 
of  women,  and  with  85.5  per  cent,  of  males. 

\\'hen  infection  with  syphilis  and  pregnancy  occur  simultaneously, 
there  can  be  no  doubt  that  some  factor  in  connection  with  the  pregnancy 
inhibits  the  development  of  grave  syphilitic  lesions.  This  being  so, 
one  may  ask  if  pregnancies  occurring  some  time  after  infection  confer 
the  same  sort  of  protection,  and  whether  repeated  pregnancies  protect 
even  more  than  a  single  one.  As  regards  the  former  of  these  points, 
no  information  is  at  present  available.  In  Table  4  is  shown  the  per- 
centage of  abnormal  spinal  fluids  in  women  who  had  had  from  one  to 
five  or  more  pregnancies   since  infection.     There   would   seem  to  be 


Abnormal 

Per  Cent. 

Spinal  Fluid 

Abnormal 

20 

22.2 

8 

19.5 

3 

8.3 

3 

15.0 

1 

4.7 

2 

10.5 
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some  protective  influence  exerted  by  repeated  pregnancy,  though  the 
statistics  are  based  on  too  small  numbers  and  are,  therefore,  too  irreg- 
ular to  be  of  much  value.  However,  the  percentage  of  abnormal 
fluids  in  those  women  who  had  two  or  more  pregnancies  is  only  9.3, 
as  compared  with  19.5  in  primiparae. 

TABLE  4. — The  Incidence  of  Late  Avsmptomatic  Neurosyphilis  in  Women, 
Grouped  According  to  the  Number  of  Pregnancies  Since  Infection 

Total 

Number  of  Pregnancies  Cases 

0 90 

1 41 

2 36 

3 20 

4 21 

5  or  more 19 


It  is  not  suggested  that  pregnancy  occurring  some  time  after  infec- 
tion, the  woman  having  passed  through  the  usual  course  of  early 
syphilis,  may  exert  any  influence  on  the  subsequent  development  of 
neurosyphilis.  A  larger  series  of  cases  than  the  present  one  is  needed 
for  examination  of  this  point.  Nor  does  the  silent  course  of  concep- 
tional  syphilis  protect  absolutely  against  later  neurosyphilis.  It  is  a 
well  established  clinical  fact  that  in  males,  a  mild  early  syphilis  pre- 
disposes to  neurosyphilis,  possibly  because  of  some  alteration  in  the 
immune  reactions  of  the  body.  In  women,  on  the  contrary,  the  factor 
of  pregnancy  in  some  way  alters  the  defense  mechanism  so  that  the 
absence  of  early  syphilitic  lesions  does  not  render  the  nervous  system 
more  susceptible  to  invasion.  In  this  series,  for  example,  spinal  fluid 
abnormalities  were  present  in  20.4  per  cent,  of  eighty-three  women, 
who,  regardless  of  pregnancy,  gave  a  definite  history  of  primary  or 
secondary  syphilis,  while  of  161  women  in  whom  such  a  history  could 
not  be  obtained,  only  13  per  cent,  had  abnormal  fluids. 

CONCLUSIONS 

1.  Clinical  neurosyphilis  is  about  three  times  as  frequent  in  men 
as  in  women. 

2.  The  nervous  systems  of  the  two  sexes  are,  however,  invaded  with 
equal  frequency  in  the  early  stages  of  syphilis,  as  is  shown  by  the 
relative  percentages  of  spinal  fluid  abnormalities. 

3.  The  course  of  early  syphilis  is  markedly  altered  by  the  simul- 
taneous occurrence  of  pregnancy. 

4.  Pregnancy  is  the  most  important  point  of  difference  in  the 
ordinary  life  history  of  the  two  sexes. 
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5.  In  women  with  late  syphilis  (of  more  than  one  year's  duration), 
the  incidence  of  abnormal  spinal  fluids  is  twice  as  high  in  a  group  of 
sterile  women  as  in  a  group  in  which  one  or  more  pregnancies  have 
occurred  since  infection. 

6.  Almost  half  of  the  women  w^ho  are  clinically  neurosyphilitic  have 
not  been  pregnant  since  infection.- 

7.  Multiparae  seem  to  be  less  liable  to  late  asymptomatic  neuro- 
syphilis than  primiparae. 

8.  It  is  suggested  on  the  basis  of  this  study  that  pregnancy  is  one 
factor  which  may  partially  account  for  the  comparative  freedom  of 
women  from  neurosyphilis. 


THE     SPECIFIC     GRAVITY     OF    THE    URINE* 
T.    ADDIS,    M.D.,    AND    MARJORIE    G.    FOSTER,    M.D. 

SAX    FRANCISCO 

The  experiments  reported  in  this  paper  were  planned  to  determine 
whether  there  might  not  be  certain  special  conditions  under  which  the 
specific  gravity  of  the  urine  could  be  used  as  a  means  for  estimating 
the  amount  of  secreting  tissue  in  the  kidney. 

In  1914  Hedinger  and  Schlayer  ^  described  a  method  in  which  renal 
function  was  studied  by  observations  of  the  specific  gravity,  volume, 
and  chlorid  content  of  collections  of  urine  made  at  short  intervals  over 
a  period  of  twenty-four  hours.  The  modification  of  this  test  introduced 
by  Mosenthal  -  has  been  used  widely  in  this  country.  The  interpre- 
tation of  the  results  has  given  rise  to  much  discussion  but  it  has  never 
been  maintained  that  the  test  can  be  taken  as  a  measure  of  the  amount 
of  renal  tissue;  in  fact,  Schlayer^  has  taken  pains  to  point  out  that 
such  an  interpretation  would  be  quite  unwarranted.  It  would  seem, 
then,  that  altogether  other  conditions  than  those  hitherto  used  would 
have  to  be  imposed  if  structural  deductions  are  to  be  drawn  from 
specific  gravity  changes  in  the  urine. 

Of  course,  it  is  evident,  no  matter  what  conditions  are  set,  that 
the  specific  gravity  by  itself  cannot  be  used  for  this  purpose.  It 
would  have  to  be  combined  with  a  measurement  of  the  volume  of  urine 
excreted  during  a  definite  period  of  time.  The  most  that  can  possibly 
be  learned  from  the  specific  gravity  alone  is  the  concentration  of  solids 
in  the  urine,  and  a  concentration  can  never  give  information  about  the 
size  of  the  kidney.  This  is  sufficiently  shown  by  the  fact  that  the 
small  kidneys  of  a  child  can  produce  as  concentrated  a  urine  as  can 
be  attained  by  the  much  larger  kidneys  of  an  adult.  But  if  the  specific 
gravity  really  does  give  the  concentration  of  solids  in  the  urine  it 
can  be  used  in  conjunction  w^ith  a  determination  of  the  rate  of  urine 
excretion  to  measure  the  amount  of  solids  excreted  per  unit  of  time. 
This  is  a  measurement  which  might  very  well  be  related  to  the  amount 
of  secreting  tissue  in  the  kidney. 

There  are  two  ways  in  which  the  capacity  of  the  kidneys  to  produce 
a  urine  of  high  specific  gravity  may  be  put  under  strain.  Fluids  may 
be  restricted,  or  the  amount  of  solids  calling  for  excretion  may  be 
increased.  If  both  conditions  were  applied  simultaneously  it  might  be 
expected  that  a  maximum  efifort  of  the  concentrating  capacity  of  the 
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kidneys  would  be  required.  With  this  idea  the  effect  of  the  ingestion 
of  various  solids  on  the  specific  gravity  of  the  urine  of  subjects  who 
were  abstaining  from  fluids  was  observ'ed. 

Five  experiments  were  carried  through  on  a  group  of  ten  students. 
In  the  first  experiment  the  effect  of  simple  fluid  restriction  was  deter- 
mined. For  thirty-six  hours  no  fluids  of  any  kind  were  taken.  The 
diet  was  quantitatively  and  qualitatively  constant,  and  consisted  mainly 
of  starch  and  sugar.  The  protein  and  salt  content  was  low,  and  all 
substances  which  might  tend  to  increase  the  excretion  of  water  through 
the  kidneys  were  excluded.  The  collection  of  urine  was  started  after 
twenty-four  hours'  abstention  from  fluids  and  covered  the  twelve  hours 
of  the  night  from  8  p.  m.  to  8  a.  m.  In  the  other  experiments  the  same 
conditions  were  observed,  except  that  at  8  p.  m.  various  solids  dis- 
solved in  200  c.c.  water  were  taken.  In  the  second  experiment,  30  gm. 
urea  were  used  ;  in  the  third.  10  gm.  sodium  chlorid ;  in  the  fourth, 
10  gm.  sodium  acid  phosphate,  and  in  the  fifth,  a  mixture  of  30  gm. 
urea,  5  gm.  sodium  chlorid  and  5  gm.  sodium  acid  phosphate  was  taken. 
The  average  specific  gravities  and  volumes  of  the  twelve  hour  night 
urines  are  given  in  the  accompanying  table. 

Averages  from  Ten  Normal  Persons  Under  Five  Different  Conditions 

Conditions  Sp.  G.    Volume  in  C.c. 

Fluid  restriction   only 1.027  242 

riund   restriction   and   addition  of  30  gm.    urea  in  15  per 

cent,   concentration    1.025  597 

Fluid  restriction  and  addition  of  10  gm.  sodium  chlorid  in 

5   per   cent,    concentration 1.028  391 

Fluid    restriction    and    addition    of    10    gm.    sodium    acid 

phosphate  in  5  per  cent,   concentration 1.035  213 

Fluid    restriction    and    addition    of    SO   gm.    urea,    5    gm. 

sodium  chlorid  and  5  gm.  sodium  acid  phosphate  given 

in  200  c.c.  water 1.025  616 


Contrary  to  expectation,  these  figures  show  that  the  specific  gravity 
of  the  urine  is  not  greater  after  the  addition  of  urea,  sodium  chlorid 
or  a  mixture  of  urea,  chlorid  and  phosphate,  than  after  fluid  restriction 
alone.  This  is  partially  explained  by  the  increase  in  urine  volume  which 
followed  the  administration  of  these  substances,  just  as  the  relatively 
high  specific  gravity  after  sodium  acid  phosphate  can,  in  part,  be 
explained  by  the  associated  reduction  in  the  volume  of  the  urine. 
But  the  main  point  of  interest  lies  in  the  fact  that  the  specific  gravity 
results  cannot  be  accounted  for  fully  by  the  urine  volume  changes. 
Their  inadequacy  can  be  shown  by  a  consideration  of  the  amounts  of 
urea,  chlorid  and  phosphate  which  were  excreted.  Thus,  in  the  experi- 
ment with  simple  fluid  restriction  the  total  amount  of  all  three  sub- 
stances was  8.44  gm.  ((NHo)XO,  5.40  gm.;  +  NaCl,  1.78  gm. ; 
-I-  NaHjPO^,  1.26  gm.).  When  the  mixture  was  taken  the  total  amount 
eliminated  was  30.19  gm.   (NH,)^©,  22.00  gm. ;  +  NaCl,  4.63  gm. ; 
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-f-  NaHoPo^,  3.56  gm.).  It  would  be  conservative  to  assume  that  these 
three  substances  together  made  up  more  than  75  per  cent,  of  the  total 
solids  of  the  urine,  and  the  remainder  cannot  have  been  far  from  con- 
stant since  the  urines  were  from  the  same  group  of  subjects  on  a  fixed 
diet.     The  figures  8.44  and  30.19  may  be  used  as  an  indication  of  the 
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The  specific  gravity  of  varying  concentrations  of  urea,  sodium  chlorid  and 
sodium  acid  phosphate.  The  figure  shows  the  wide  differences  between  the 
specific  gravities  of  equal  concentrations  of  these  substances.  Thus  3  per 
cent,  concentrations  of  urea,  sodium  chlorid  and  sodium  acid  phosphate  have 
specific  gravities  of  approximately  1.009,   1.020  and   1.024. 
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relative  concentration  of  total  solids  in  the  two  experiments.  In  the  one 
case  there  is  8.44  gni.  in  242  c.c,  a  3.48  per  cent,  concentration  of  solids. 
In  the  other,  there  is  30.19  gm.  in  616  c.c,  a  4.90  per  cent,  concentration 
of  solids.  If  the  specific  gravity  of  the  urine  depended  only  on  the 
relation  between  the  solids  and  the  water  in  the  urine,  we  should 
expect  to  find  a  higher  specific  gravity  in  a  urine  with  4.90  per  cent, 
solids  than  in  one  with  3.48  per  cent,  solids.  But  the  table  shows 
that  the  reverse  is  true,  for  with  3.48  per  cent,  solids  the  specific 
gravity  is  1.027  and  with  4.93  per  cent,  the  specific  gravity  is  1.025. 

The  explanation  of  this  apparent  paradox  lies  in  the  fact — known 
ever  since  the  first  specific  gravity  was  measured — that  each  dissolved 
substance  has  its  own  specific  effect  on  the  specific  gravity  of  a  solution. 
This  fundamental  fact  is  generally  ignored  in  discussions  on  the  specific 
gravity  of  the  urine,  and,  either  tacitly  or  openly,  it  is  assumed  that 
the  specific  gravity  measures  the  total  concentration  of  solids. 

Some  rough  determinations  of  the  specific  gravity  of  varying  con- 
centrations of  urea,  sodium  chlorid  and  sodium  acid  phosphate  are 
given  in  the  accompanying  figure. 

This  graph  shows  how  it  came  about  that  the  specific  gravity  of 
the  urine  was  lower  after  taking  a  mixture  of  urea,  chlorid  and  phos- 
phate, than  after  simple  water  restriction,  even  though  the  total  con- 
centration of  solids  was  greater.  It  was  lower  because  a  greater 
proportion  of  the  total  solids  consisted  of  urea  which  has  less  effect 
in  raising  the  specific  gravity  than  chlorids  or  phosphates. 

The  specific  gravity  of  the  urine  is  the  resultant  of  the  various 
effects  of  all  urinary  constituents.  Since  each  has  its  own  specific  effect 
and  the  relative  concentrations  are  unknown,  it  follows  that  it  is 
impossible  to  attach  any  precise  quantitative  significance  to  the  results  of 
any  method  of  estimating  the  total  solids  of  the  urine  in  which  specific 
gravity  measurements  are  used. 

CONCLUSIONS 

The  specific  gravity  of  the  urine  of  normal  persons  was  measured 
under  varying  conditions  designed  to  place  a  strain  on  the  concentrating 
activity  of  the  kidney.  It  was  found  that  not  even  an  approximate 
idea  of  the  work  of  the  kidney  in  the  excretion  of  solids  could  be 
obtained  from  the  results.  It  is  therefore  concluded  that  specific 
gravity  determinations  cannot  form  part  of  any  method  intended  to 
measure  the  amount  of  secreting  tissue  in  the  kidney. 


A    TEST    OF    THE    CAPACITY    OF    THE    KIDNEY 

TO     PRODUCE    A    URINE     OF    HIGH 

SPECIFIC     GRAVITY* 

T.    ADDIS,    M.D.,    AND    MARIAN    C.    SHEVKY 

SAN   FRANCISCO 

Although  it  has  been  shown  in  the  preceding  paper  that  the  specific 
gravity  of  the  urine  cannot  be  used  as  a  means  to  determine  the  rate  of 
excretion  of  sohds,  and  although  it  must  be  regarded  as  a  very 
inaccurate  method  of  estimating  even  that  partial  function  of  the  kidney 
by  virtue  of  which  it  is  able  to  separate  a  concentrated  solution  from 
a  blood  in  which  the  urinary  constituents  are  relatively  dilute,  it,  never- 
theless, remains  true  that  in  certain  cases  specific  gravity  determinations 
may  give  information  of  considerable  clinical  value.  There  is  a  relation 
between  the  inability  to  produce  a  urine  of  high  specific  gravity  and 
certain  extreme  grades  of  renal  decompensation.  It  is  this  inability 
which,  in  certain  cases,  leads  to  the  constantly  low  specific  gravity  in 
short  time  urine  collections,  which  is  in  sharp  contrast  with  the  very 
variable  specific  gravity  of  the  urine  in  normal  persons.  So  many 
examples  of  this  "fixation  of  specific  gravity"  at  a  low  level  have  been 
given  by  Hedinger  and  Schlayer,^  by  Mosenthal,^  and  by  Christian,^ 
that  it  may  be  taken  as  a  well  established  fact.  And,  on  the  other  hand, 
so  many  far  advanced  cases  of  chronic  Bright's  disease  are  free  or 
practically  free  from  symptoms,  that  the  demonstration  of  this  inability 
may  be  the  only  indication  of  the  real  gravity  of  the  situation  in  circum- 
stances where  only  the  simplest  possible  functional  tests  can  be  used. 

But  in  this  particular  functional  manifestation,  as  in  all  others,  the 
clearest  possible  separation  of  normal  from  abnormal  is  only  to  be 
attained  by  making  use  of  the  principle  of  strain.  This  has  not  been 
done  in  the  one  day  renal  test  of  Hedinger  and  Schlayer,  nor  in  Mosen- 
thal's  or  Christian's  modifications.  For  this  reason,  as  well  as  for 
another  given  in  a  later  paper,  we  have  determined  the  variability  of 
the  specific  gravity  in  normal  persons  under  conditions  specially 
designed  to  induce  the  production  of  a  urine  of  high  specific  gravity. 

In  order  that  the  test  might  be  almost  universally  applicable,  the 
conditions  were  made  as  simple  as  possible.  The  subject  is  instructed 
to  abstain  from  fluids  of  all  sorts  after  breakfast  on  one  day  until  he 
rises  from  bed  on  the  morning  of  the   following  day,  and  is  told  to 
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collect  a  twelve  hours'  night  urine.  In  clinical  work  in  the  outpatient 
department  we  have  found  it  necessary  to  give  these  directions  in  writ- 
ing and  to  provide  a  wide  necked  bottle  into  which  the  urine  is  to  be 
voided  directly.  It  must  be  made  plain  that  the  urine  passed  at  the 
beginning  of  the  period  of  urine  collection  is  to  be  discarded.  The 
whole  twelve  hours'  urine  should  be  collected  at  one  voiding,  but  if 
this  is  not  possible  the  patient  should  be  told  not  to  pass  urine  for  at 
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Percentage   frequencj'  distribution  of   specific  gravity   of  the  night  urine   in 
normal  individuals   after   restriction  of  fluids. 


least  three  hours  before  the  completion  of  the  specimen.  The  usual 
diet  must  be  taken  except  that  water,  tea,  coffee,  milk,  soup  or  any 
other  fluid  must  be  avoided.  When  these  instructions  are  given  fully, 
as  well  as  clearly,  it  seems  that  few  patients  make  mistakes. 

We  have  made  ninety- four  observations  on  seventy-five  normal 
persons,  most  of  them  medical  students.  The  average  is  1.032;  the 
standard  deviation  ±  .00281  and  the  variability  8.8  per  cent.  In  the 
accompanying  chart  the  percentage  frequency  distribution  is  given,  and 
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in  Table  1  the  odds  that  any  normal  individual  would  have  as  low  or 
a  lower  specific  gravity  than  certain  specified  levels  are  tabulated. 

TABLE  1. — The  Odds  That  any  Normal  Individual  Under  the  Conditions 
OF  THE  Test  Would  Give  as  Low^  or  a  Lower  Specific  Gravity  Than 
Those  Given  Below 


Specific  Gravity 

Odds 

1.0-26 

1  normal  in       47 

1.025 

1  normal  in     lir> 

1.024 

1  normal  in     323 

1.023 

1  normal  in  1,00" 

1.022 

1  normal  in  5,000 

In  these  specific  gravities  from  normal  persons  variations  in  the 
amount  and  the  kind  of  food  taken  no  doubt  led  to  a  somewhat  greater 
variability  than  would  otherwise  have  been  found.  But  in  patients  a 
still  greater  variation  in  diet  may  be  likely  to  occur,  perhaps  enough 
in  some  cases  to  make  our  normal  figures  inapplicable  as  a  standard  of 
comparison.  The  specific  gravities  of  a  few  normals  under  the  usual 
conditions  and  after  taking  from  1  to  1.5  pounds  of  steak  with  their 
evening  meal  were  compared.  Table  2  shows  that  there  was  no 
appreciable  difterence. 

TABLE  2. — Comparison  of  Specific  Gravities  in  Normals  with  Usual  Diet 
AND  WITH  Heavy  Meat  Diet 


Name 


B.  . 
T.  . 
L.  . 

C.  . 
N.  . 
H.  . 

Average. 


Usual  Diet  +  1 

Jsual  Diet 

Pound  or  More  of 

Steak  at  6:  30  P.  M 

1.032 

1.029 

1.027 

1.026 

1.030 

1.033 

1.028 

1.029 

1.0.35 

1.032 

1.035 

1.030 

Some  of  our  patients  had  been  on  a  low  salt  and  low  protein  diet 
before  the  test  was  used,  and  in  normal  persons  this  type  of  diet  seems 
to  make  the  specific  gravity  lower  and  more  variable.  Table  3  shows  a 
comparison  between  specific  gravities  under  the  ordinary  unrestricted 
dietary  conditions  and  those  obtained  after  the  subjects  had  lived  for 
forty-eight  hours  on  food  with  a  very  low  salt  and  a  low  protein 
content. 

A  specific  gravity  somewhat  lower  than  normal  obtained  from  a 
patient  whose  salt  and  protein  intake  has  been  restricted  might  then 
be  due  entirely  to  the  diet.  But  even  when  the  diet  is  unrestricted,  low 
specific  gravities  in  patients  must  always  be  interpreted  with  caution. 
There  is  the  ever  present  possibility  that  the  patient  has  not  abstained 
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from  fluids  or  has  failed  to  discard  the  urine  passed  at  the  commence- 
ment of  the  twelve  hour  period.  And,  then,  of  course,  there  are  many 
extrarenal  factors  in  patients  which  may  lead  to  an  unusually  large 
excretion  of  water  and  so  to  a  low  specific  gravity,  even  though  the 

TABLE    3.  —  Comparison    of    Specific    Gravities    in    Normals    on    Ordinary 
Unresticted  Diet.\ry  and  on  Very  Low  Salt  and  Low  Protein  Diets 

Low  Salt  and 

Name  Usual  Diet  Protein  Diet 

N 1.035  1.020 

W 1.030  1.033 

H 1.035  1.029 

L 1.030  1.031 

Wa 1.032  1.027 

T 1.027  1.019 


Average 1.032  1.027 

concentrating  capacity  of  the  kidneys  is  unimpaired.  On  the  other 
hand,  there  is  never  any  doubt  about  the  meaning  of  a  high  specific 
gravity,  and  it  is  here  that  the  test  has  its  main  clinical  value.  For 
when  a  specific  gravity  within  the  normal  range  has  been  achieved 
a  positive  fact  has  been  established  which  in  itself  is  probably  sufficient 
to  exclude  the  possibility  of  the  existence  of  that  terminal  stage  of 
renal  decompensation  which  so  often  develops  insidiously  in  cases  of 
chronic  Bright's  disease. 

The  specific  gravities  found  in  various  types  of  renal  lesion  will  be 
discussed  and  compared  with  other  functional  results  in  a  later  paper, 

CONCLUSION 

A  simple  test  of  the  capacity  of  the  kidney  to  produce  a  urine  of 
high  specific  gravity  is  described.  In  normal  individuals,  after  restric- 
tion of  fluids,  the  average  specific  gravity  is  1.032  with  a  standard 
deviation  of  ±  .00281.  These  figures  may  be  used  as  a  normal  standard 
for  comparison  with  observations  made  on  patients  under  the  same 
conditions. 


STUDIES     ON     BLOOD     LIPOIDS 

I.     THE     RELATION     OF     CHOLESTEROL     AND     PROTEIN     DEFICIENCY 
TO     BASAL     METABOLISM  * 

ALBERT    A.    EPSTEIN,    Al.D,    and    HERMAN    LANDE,    M.D. 

NEW    YORK 

Cholesterol  possesses  many  points  in  common  with  the  fats  and 
lipoids  and  is,  therefore,  usually  grouped  with*  these  substances.  Its 
presence  in  the  blood  seems  to  go  hand  in  hand  with  that  of  the  fats, 
and  the  quantitative  relationship  it  bears  to  them  is  fairly  constant.  By 
virtue  of  this  and  the  fact  that  it  can  readily  be  determined  quantita- 
tively, estimates  of  cholesterol  are  often  used  as  a  measure  or  index 
of  the  total  fat  content  of  the  blood.  The  origin  of  the  cholesterol  of 
the  blood  is  not  definitely  known ;  some  of  it  is  undoubtedly  exogenous, 
and  some  endogenous.  It  is  subject  to  marked  fluctuations  under  a 
variety  of  conditions.  In  some  it  appears  to  be  independent  of  external 
causes  and  definitely  associated  with  metabolic  disturbances,  as  in 
diabetes,  nephritis,^  etc.  There  also  can  be  no  doubt  of  the  relation 
of  the  blood  cholesterol  to  the  glands  of  internal  secretion,  particularly 
the  suprarenal  (Rothschild  et  al.)  and  the  thyroid  (Luden^).  The 
question  arises  whether  the  lipoid  variations  in  distrubances  of  metab- 
olism and  internal  secretion  are  incidental,  or  if  a  definite  relationship 
between  them  can  be  established. 

With  these  facts  in  mind,  studies  have  been  undertaken  for  the 
purpose  of  correlating  basal  metabolism  and  blood  cholesterol  findings 
in  a  group  of  cases  in  which  both  are  subject  to  fluctuation.  Thus, 
the  study  embraces  cases  of  exophthalmic  goiter,  thyroid  adenoma, 
nephritis  and  nephrosis,  myxedema,  menopause  and  related  conditions. 
In  addition. -certain  other  conditions  in  which  one  or  the  other  factor 
(basal  metabolism  or  cholesterol)  is  disturbed,  have  been  studied  for 
purposes  of  comparison. 

The  cholesterol  determinations  have  been  made  by  the  Bloor  modi- 
fication of  the  Funk-Autenrieth  method.  Because  of  the  nature  of 
this  method,  the  personal  equation  constitutes  an  important  factor. 
The  majority  of  the  determinations  in  our  cases  have  been  made  by 
Dr.  Joseph  Reiss  of  our  laboratory,  who  has  analyzed  more  than 
twelve  thousand  specimens  of  blood;  a  sufficient  experience  to  assure 


*  From  the  Medical  Department  of  Mt.  Sinai  Hospital. 

*Read  before  the  Section  on  Medicine,  New  York  Academy  of  Medicme, 
Nov.  17,  1921. 

1.  Epstein.  A.  A.:    T.  A.  M.  A.  64:444  (Aug.  11)   1917. 

2.  Luden.  G. :    Collected  Papers  Mayo  Clinic  10:429,  1918. 
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reliability  and  to  warrant  the  conclusion.s  which  we  shall  draw  from 
the  results  obtained.  A  survey  of  the  figures  of  a  very  large  series 
of  examinations  shows  that  the  normal  value  for  cholesterol  in  the 
blood  ranges  between  160  and  200  mg.  per  100  c.c.  By  far  the  largest 
number  show  values  nearer  the  upper  limit. 

The  basal  metabolism  determinations  have  been  made  with  the 
original  Benedict  portable  apparatus.  Oxygen  consumption  alone  has 
been  measured;  a  respiratory  quotient  of  0.82  having  been  assumed. 
Surface  area  has  been  estimated  by  the  Du  Bois-Du  Bois  height-weight 
formula.  In  those  cases  associated  with  edema,  the  weight  used  in 
calculation  of  the  surface  area  was  that  which  preceded  the  develop- 
ment of  the  edema,  or  followed  its  elimination.  In  this  way,  we 
believe,  that  the  factor  of  tissue  dilution  has  been  eliminated  from 
the  estimations. 


TABLE   1. — Exophthalmic  Goiter 


Basal  Metabolism 

Blood 

Aec.  No. 

Is  3in6 

Age 

Sex 

Date 

Choles- 
terol, 

Remarks 

Calo- 

Per 

ries 

Cent. 

Per  Cent. 

203475 

K.  C. 

53 

9 

Oct.     9 
Nov.  11 
Dec.     2 

43.4 

53 

55 

+20 
+46 
+54 

0.230 
0.130 
0.150 

208738 

S.  M. 

26 

Mar.  26 

43 

+14 

0.196 

Postoperative 

205137 

D.  B. 

48 

9 

Oct.    22 
Nov.    3 
Nov.  22 
Dec.     4 

67.5 
65 
58.6 
62 

+82 
+78 
+62 
+72 

0.090 
0.080 
0.140 
0.095 

210167 

M.  M. 

50 

d" 

Dec.     2 
Feb.    1 

48 
44 

+28 
+15 

0.136 
0.182 

208597 

A.  A. 

16 

cf 

Mar.  15 
Mar.  26 

62 
54.5 

+37 
+25 

0.148 
0.178 

207946 

M.  F. 

40 

d" 

Mar.    5 

57 

+46 

0.166 

208189 

N.    J. 

41 

9 

Mar.    1 

59 

+63 

0.130 

209330 

F.  B. 

38 

d" 

April  15 

61.5 

+54 

0.124 

209388 

I.     J. 

23 

e 

April  16 

51.5 

+30 

0.106 

210372 

M.  H. 

28 

9 

May  23 

52 

+40 

0.130 

Gravid  3  months 

210306 

B.  H. 

30 

9 

May  23 

44.8 

+20 

0.136 

210814 

I.    K. 

45 

cf 

June  11 
June  22 
June  25 
Jan.  11 

66 
63.5 

+73 
+65 
.... 

0.146 
0.130 
0.156 
0.218 

Chronic  nephritis 

21ini 

A.   C. 

40 

d- 

Jan.  12 

49!5 

+25 

0.150 

212071 

M.  L. 

28 

d- 

Sept.    1 

48.5 

+20 

0.114 

Hyperthyroidism  {Exophthalmic  Goiter), — It  will  be  seen  that  in 
all  these  cases  (Table  1)  the  basal  metabolism  is  increased,  and  the 
blood  cholesterol  figures  are  below  normal.  In  general  the  decrease 
in  the  blood  lipoid  bears  a  direct  relationship  to  the  extent  of  increase 
of  basal  metabolism.  In  nine  of  the  fourteen  cases  this  holds  true; 
the  lowest  metabolic  figure,  -|-  14  per  cent.,  corresponding  to  a  blood 
cholesterol  of  0.196  per  cent.,  and  the  highest  figure,  +  82  per  cent., 
corresponding  to  a  cholesterol  of  0.090  per  cent.  This  relation  is  not 
invariable,  however.  In  three  cases  (I.  J.,  B.  H.,  and  M.  L.)  the 
cholesterol  figure  is  low  in  proportion  to  the  increase  of  basal  metab- 
olism.   These  three  cases  are  of  two  vears'  duration  and  it  is  not  unfair 
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to  assume  an  exhaustion  of  lipoid,  which  outlasted  the  elevation  of  the 
basal  metabolism.  The  rising  cholesterol  figures  in  the  case  of  I.  J.  are 
explained  by  a  complicating  nephritis.  In  the  case  of  M.  F.  the 
cholesterol  is  higher  than  would  be  anticipated  in  a  toxic  case  with  a 
rate  of  -f-  46  per  cent.,  and  this  discrepancy  is  not  easily  explained. 
Cases  in  which  more  than  one  determination  has  been  made,  however, 
show  clearly  that  an  inverse  relationship  exists  between  the  metabolic 
rate  and  the  cholesterol  content  of  the  blood,  as  was  also  found  by 
Luden  in  a  case  of  myxedema  treated  with  thyroxin.^ 


TABLE   2. — Nontoxic  Thyroid   Enlargements    (Adenomas) 


Basal  Metabolism 

Blood 

Aec.  No. 

Name 

Age 

Sex 

Date 

Choles- 
terol, 

Remarks 

Calo-    1      Per 

ries          Cent. 

Per  Cent. 

205905 

A.  G. 

27 

9 

Nov.  27 

40 

+  6 

0.162 

2060S7 

L.  B. 

58 

rf 

Dee.    2 

44 

+15 

0.162 

207a38 

J.    B. 

60 

ff 

Dee.    23 

42.5 

+12 

0.184 

2085S9 

A.  K. 

4fi 

V 

Jan.     i 

33.3 

—  7 

0.178 

C.   C. 

27 

? 

Jan.     4 

33.3 

—  8 

0.180 

210912 

r.  r. 

53 

9 

May  17 

38.5 

+  5 

0.188 

In  Table  2,  six  cases  of  thyroid  enlargement  without  clinical  signs 
of  toxicity  are  tabulated.  The  blood  cholesterol  figures  range  from 
0.162  to  0.188  per  cent.;  the  basal  metabolism  from  — 8  to  +15  per 
cent. ;  variations  which  may  be  regarded  as  ranging  fairly  within  the 
normal. 

TABLE   3. — Toxic  Thyroid    Enlargement    (Adenomas) 


Basal  Metabolism 

Blood 

Ace.  No. 

Name 

Age 

Sex 

Date 

Choles- 
terol, 

Remarks 

Calo- 

Per 

ries 

Cent. 

Per.  Cent. 

204896 

A.    S. 

40 

9 

Oct.    19 
Nov.    1 
Nov.  20 

40 
42 
45 

+  9 
+15 
+24 

0.328 
0.218 
0.238 

Dec.     9 

36.8 

Normal 

0.278 

Partial       thyroidect- 

204922 

E.    J. 

45 

9 

Oct.    17 

50.2 

+38 

0.178 

omv  November  29 

205312 

M.   S. 

51 

9 

Nov.    1 

49.8 

+38 

0.120 

Auricular  fibrillation 

206947 

A.  P. 

38 

W 

Dee    16 

47.3 

+20 

0.148 

208768 

A.  R. 

46 

9 

Mar.  26 

49 

+36 

0.164 

209002 

M.  H. 

46 

r? 

April   2 

46 

+18 

0.130 

209661 

C.   T. 

61 

9 

April  29 

56 

+58 

0.174 

Moderate  dyspnea 

209878 

S.   M. 

49 

9 

May  12 

53 

+48 

0.130 

212972 

H.  H. 

48 

r? 

Sept.    1 

53.3 

+38 

0.132 

213154 

M.  K. 

49 

9 

Sept.   8 

52 

+44 

0.160 

In  Table  3  the  findings  are  recorded  in  ten  cases  of  thyroid  enlarge- 
ment ("adenomas)  showing  toxic  signs  clinically  and  an  increase  of  basal 
metabolism.  In  only  six  of  these  does  the  inverse  relationship  as  set 
forth  above,  between  blood  cholesterol  and  basal  metabolism,  hold  true. 
In  this  group  also,  the  cases  in  which  the  cholesterol  factor  is  low  and 
out  of  proportion  to  the  metabolic  rate,  are  of  longer  duration.  There 
remain  four  cases  in  which  the  bloocl  cholesterol  is  normal  or  only 
slightlv  diminished,  in  spite  of  an  increased  basal  metabolic  rate.     It 
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will  be  noted  that  these  four  patients  were  women  at  the  ages  of  45, 
46,  49  and  61,  respectively;  three  of  the  four  were  at  the  climacteric 
period.  A  series  of  cases  in  the  menopause  will  be  presented  later, 
which  will  show  that  women  at  this  age  are  subject  to  a  hyper- 
cholesterinemia.  We  may  then  assume  that  the  inverse  relationship 
still  holds  true,  but  in  the  group  of  thyroid  enlargements,  due  to  sex 
incidence  and  the  age  at  which  the  toxic  symptoms  developed,  the 
initial  figure  is  higher.  Fortunately,  we  were  able  to  study  a  case 
(A.  S.)  of  definite  thyroid  adenoma  in  which  toxic  symptoms  developed 
while  the  patient  was  under  observation.  The  basal  metabolism 
gradually  rose  from  -|-  9  to  +24  per  cent,  with  a  corresponding  fall 
of  blood  cholesterol  of  from  0.328  to  0.238  per  cent.  At  this  stage  a 
thyroidectomy  was  performed.  Ten  days  later,  the  basal  metabolism 
had  fallen  to  normal  and  the  cholesterol  had  risen  to  0.276  per  cent. 


TABLE  4.- 

-Clinical  Diagnosis 

(?)    Hyperthyroidism    (?) 

Basal  Metabolism 

Blood 

Ace.  Xo. 

Xaiue 

Age 

Sex 

Date 

Choles- 

Diagnosis 

Calo- 

Per 

terol, 

ries 

Cent. 

Per  Cent. 

206107 

B.    S. 

71 

9 

Dec.     7 

34 

—  3 

0.353 

Aur:cular  flbrillation 

206274 

B.   E. 

35 

9 

Dec.    11 

36.6 

Normal 

0.100 

Gastric  neurosis 

206318 

A.  r. 

40 

9 

Dec.    14 

32.6 

—10 

0.218 

Paroxysmal  taciiycar- 

dia 
(?)  Hyperthyroidism 

207886 

B.  B. 

17 

9 

Feb.  16 

50 

+15 

0.170 

208144 

L.  L. 

24 

9 

Feb.  26 

35.4 

—  5 

0.218 

Neurasthenia 

219072 

M.  G. 

42 

9 

April  19 

39.8 

+  8 

0.296 

Neurosis 

210822 

E.  W. 

9 

9 

June  14 

65 

+14 

0.218 

Exophthalmos 

211139 

H.  B. 

26 

c' 

June  27 

40.5 

+  2 

0.314 

Neurosis 

211881 

M.  M. 

56 

cT 

June  30 

38 

Normal 

0.164 

Gastric  neurosis 

213132 

N.  H. 

40 

d" 

Sept.    8 

40 

Normal 

0.276 

M.  L. 

34 

9 

Dec.     4 

41 

+  8 

0.189 

Visceroptosis 

The  next  group  of  cases  (Table  4)  comprises  those  in  which  a 
condition  of  hyperthyroidism  was  suspected  cHnically.  These  are,  for 
the  most  part,  functional  disorders.  In  this  group,  the  basal  metabolism 
ranges  from  — 10  to  +15  per  cent.  Of  these  cases,  the  blood 
cholesterol  is  normal  in  six.  In  four  cases  there  is  an  increase  in  the 
blood  lipoid,  the  cause  of  which  is  not  clear.  In  only  one  case  (B.  R.) 
is  the  cholesterol  below  normal.  This  case  is  one  of  gastric  neurosis 
of  several  months'  duration,  in  which  all  food  was  vomited  immediately 
after  eating.  The  patient  was  undernourished  and  in  a  debilitated 
state  and  it  is  in  these  factors  that  we  must  seek  the  explanation  for  the 
low  lipoid  content.  This  group  stands  in  marked  contrast  to  the  true 
cases  of  hyperthyroidism  with  elevated  basal  metabolism  (Table  1)  all 
of  which  showed  chalesterol  values  below  normal.  This  does  not  yet 
establish  the  value  of  a  low  blood  cholesterol  as  a  positive  aid  in  the 
diagnosis  of  thyroid  disease,  but,  in  the  absence  of  other  known  factors 
that  tend  to  produce  a  hypercholesterinemia  fdiabetes,  menopause, 
pregnancy,  nephritis  and   obesity),   a  blood  cholesterol  of   normal   or 
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increased  value  is  strong  evidence  against  the  existence  of  a  thyrotoxic 
state.  It  appears,  however,  that  if  repeated  examination  of  the  blood 
indicates  a  progressive  decline  of  the  cholesterol  content  in  the  absence 
of  food  insufficiency,  Addison's  disease,  or  uremia,  the  fact  may  be 
taken  as  presumptive  evidence  of  the  existence  of  a  thyrotoxic  condi- 
tion. This  is  true  even  if  the  cholesterol  value  of  the  initial  examination 
of  the  blood  is  above  normal  (Case  A.  S.,  Table  3). 


TABLE   5. — Cases   with    Subnormal   Basal  Metabolism   and  Nephritis 


Basal  Metabolism 

Blood 

Acc.  No. 

Name 

Age 

Date 

Choles- 

Diagnostic Notes 

Calo- 

Per 

terol, 

ries 

Cent. 

Per  Cent. 

204853 

Anna  L. 

14 

Dec.     8 

30.7 

—18 

0.904 

Nephrosis 

206071 

Rose  B. 

27 

Dec,   21 

32 

—15 

0.364 

Nephrosis;  Wass.  4  + 

Jan.     6 

37.8 

Normal 

0.552 

Had    been    on    thyroid 
therapy 

Feb.     9 

34.9 

—  6 

0.460 

Antisyphilitic   treatment 

211792 

Esther  S. 

33 

Sept.  15 
Sept.  27 
Oct.    18 

30 
30 

32.8 

—18 
— lt> 
—10 

0.370 

Nephrosis 

Oct.   29 

34.7 

-4 

0.296 

207030 

Yetta  H. 

44 

Jan.  11 
Feb.     8 

29.1 

T^'. 

1.350 
0.725 

Myxedema 

On  thyroid  therapy 

Feb.  15 

zk'.k 

+  '6 

0.206 

On  thyroid  therapy 

Mar.  31 

40 

+10 

On  thyroid  therapy 

May  12 

29 

—19 

o.'eso 

Stopped    thyro'd     alter 
leaving  hospital 

216441 

Maud  E. 

29 

Jan.    6 

34.5 

—  8 

0.50S 

Nephrosis 

Feb.  11 

32.6 

—13 

0.800 

217115 

Ira  S. 

35 

Feb.    8 

33.4 

—15 

0.320 

Nephrosis 

207745 

Yetta  R. 

28 

Feb.  21 

37.6 

Normal 

0.394 

Chronic  diffuse  nephritis 

206949 

Peppie  W. 

54 

Jan.  10 

37.4 

+  6 

0.412 

Chronic  diffuse  nrphritis 

215385 

Isidor  T. 

48 

Dec.     7 

41 

+  6 

0.254 

Hypertensive  nephritis 

216350 

Hyman  B. 

39 

Jan.  15 

41 

+  6 

0.140 

Chronic  nephritis 

209679 

Celia  R. 

32 

April  24 

33 

—14 

0.313 

Myxedema 

212870 

Arthur  S. 

20 

Dec.     1 

22.7 

—42 

0.102 

Inanition 

Rose  Y. 

21 

Dec.    21 

32 

—15 

0.130 

Creatinism 

206706 

Frank  S. 

30 

Dec.    30 

44.2 

+12 

0.484 

Nephrosis;       pulmonary 
tuberculosis 

Cases  zvitli  a  Subnormal  Basal  Metabolisui  (Table  5). — For  many 
years  it  has  been  known  that  a  low  rate  of  metabolism  exists  in  cases  of 
hypothyroidism.  More  recently  conditions  of  subnormal  oxidation  have 
been  recognized,  the  relation  of  which  to  the  thyroid  gland  is  not  clear. 
A  group  of  unclassified  cases  with  low  basal  metabolic  rates  has  been 
reported  from  the  Mayo  Clinic.  Aub  and  DuBois,  in  1917,^  reported 
a  reduction  in  metabolism  in  cases  of  nephritis  with  edema  and  make 
the  following  statement:  "The  reduction  of  metabolism  per  square 
meter  of  body  surface  found  in  nephritic  edema  is  sometimes  very 
marked  (from  27  to  40  per  cent.)  and  points  to  some  cause  other  than 
mere  dilution  of  tissue  or  skin  distention."  One  of  us  *  has  pointed 
out  the  possibility  of  a  certain  group  of  chronic  nephroses  being  a 
metabolic  disorder  allied  to  a  state  of  hypothyroidism.     The  existence 


3.  Aub,  J.  C,  and  DuBois,  E. :    Arch.  Int.  Med.  19:865   (May)    1917. 

4.  Epstein,   A.   A.:    J.    A.    M.   A.   64:444    (Aug.    11)    1917;    M.    Clinics    N. 
America  4:145   (July)    1920. 


568  ARCHIVES    OF    IXTERXAL    MEDICINE 

of  a  hypercholesterinemia  of  unusual  degree  in  both  nephrosis  and 
myxedema  was  noted.  Eppinger,^  A'olhard,''  and  more  recently  Behr 
and  \\'aldrop  '  have  reported  the  beneficial  results  of  thyroid  therapy 
in  cases  of  edema  of  obscure  origin.  The  relationship  existing  between 
these  cases  of  nephrosis  and  the  thyroid  was  demonstrated  in  a  striking 
manner  by  the  following  case : 

REPORT     OF     CASE     OF     NEPHROSIS     DEVELOPING     MYXEDEMA 

History. — Yetta  H..  aged  44,  first  entered  the  hospital  Sept.  25,  1916.  Past 
history  is  of  no  importance,  except  that  menopause  developed  at  the  age  of  28. 
For  four  months  prior  to  admission  there  had  been  gradually  increasing  edema 
with  pain  in  the  lumbar  region,  weakness  and  anorexia. 

Physical  Exa>niiiafio)i.— ^larked  generalized  edema  and  pallor. 

Admission  Diagnosis. — Chronic  nephritis. 

Urine. — The  urine  contained  heavy  traces  of  albumin,  h^-aline  and  granular 
casts  and  a  moderate  number  of  white  blood  cells.     No  red  blood  cells. 

Blood  Chemistry.  —  Urea  nitrogen,  21  mg.  per  hundred  c.c. ;  incoagulable 
nitrogen,  56  mg.  per  hundred  c.c. ;  cholesterol,  0.400  per  cent.  No  basal  metabo- 
lism studies  were  being  made  at  Mt.  Sinai  Hospital  at  this  time.  Blood  pres- 
sure. 105/80;  phenolsulphonephthalein  excretion,  48  per  cent,  in  two  hours. 
Blood  Wassermann,  negative. 

Clinical  Course. — For  two  weeks  the  patient  was  kept  on  a  Karrell  diet  and 
then  on  a  salt  free  diet.  There  was  no  subsidence  of  edema  or  increase  of 
urinary  output.  October  11  she  was  put  on  a  high  protein  diet.  Within  a 
Aveek  there  was  marked  diuresis  which  continued  until  the  edema  had  entirely 
disappeared,  within  three  weeks  of  institution  of  treatment.  She  was  discharged 
as  a  case  of  nephrosis  relieved  by  high  protein  feeding.  The  allniminuria 
persisted. 

Second  Admission. — Jan.  15,  1921,  four  years  and  three  months  later,  the 
patient  entered  the  hospital  for  the  second  time.  During  the  preceding  year 
there  had  been  increasing  weakness,  mental  dulness,  swelling  of  the  face  and 
lids  and  nocturia.  On  physical  examination  the  patient  presented  the  classical 
picture  of  myxedema.  The  skin  was  harsh,  dry  and  scaly;  the  hair  brittle  and 
sparse.  The  speech  was  slow  and  mentality  was  dull.  There  was  marked  swell- 
ing of  the  face  and  lids,  nonpitting  edema  of  the  extremities  and  the  typical 
subcutaneous  infiltrations  of  myxedema. 

Urine:     Albumin,  heavy  trace  with  many  hyaline  and  granular  casts. 

Blood  Chemistry. — Urea  nitrogen,  18.2  mg.  per  hundred  c.c;  incoagulable 
nitrogen,  37.6  mg.  per  hundred  c.c. ;  uric  acid,  2.3  mg.  per  hundred  c.c. ;  creatinin, 
1.9  mg.  per  hundred  c.c. ;  cholesterin,  1.350  per  cent. 

Basal  A'letabolism :  29.1  calories — 19  per  cent.  The  phenolsulphonephthalein 
output  was  45  per  cent,  in  two  hours. 

On  the  basis  of  these  findings,  the  patient  was  put  on  thyroid  extract. 
Marked  improvement  of  all  symptoms  followed,  the  basal  metabolism  returned 
to  normal;  the  blood  cholesterol  diminished  and  the  loss  of  23  pounds  in 
weight  in  four  weeks  was  noted.  The  effect  of  thyroid  on  the  metabolic  rate 
and  the  blood  cholesterol  is  shown  in  Table  5;  the  inverse  ratio  again  hold- 
ing  true. 
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Summary. — ^A  case  presumably  one  of  nephrosis,  on  first  admission  to  the 
hospital  responded  to  a  high  protein  diet  with  the  disappearance  of  the  edema 
after  failure  of  restricted  diets.  She  returned  four  years  later  as  a  typical 
myxedema  and  is  relieved  of  all  symptoms  by  thyroid  therapy. 

The  late  development  of  myxedema  in  this  case  of  nephrosis  may 
be  regarded  by  some  as  a  coincidence.  To  us,  myxedema  represents 
the  extreme  stage  of  a  defective  metabohsm  which  is  similar  in  char- 
acter to  that  occurring  in  nephrosis.  The  therapeutic  results  obtained 
in  certain  nephritides  with  the  high  protein  diet  (with  and  without  the 
addition  of  thyroid),  warrant  the  conclusion  previously  reached,  that 
there  are  borderline  cases,  on  one  side  of  which  are  those  with  a  clinical 
picture  of  nephrosis,  and  on  the  other  side,  the  cases  of  myxedema. 
For  reasons  previously  pointed  out  by  one  of  us  *  nephrosis  may  be 
regarded  primarily  as  a  condition  of  defective  protein  metabolism, 
characterized  chemically  by  hypercholesterinemia  and  reduced  protein 
content  of  the  blood  serum. 

REPORT     ON     BASAL     METABOLISM     STUDIES 

Basal  metabolism  studies  have  therefore  been  made  on  ten  cases 
of  nephritis  and  nephrosis  (Table  5). 

Case  1. — History. — Anna  L.,  aged  14,  had  been  subject  to  frequent  attacks 
of  tonsillitis.  Tonsillectomy  one  year  ago.  Scarlet  fever  six  years  ago;  so  far 
as  can  be  determined  there  was  no  complicating  renal  condition  at  the  time. 
For  the  six  months  prior  to  entrance  to  the  hospital  there  had  been  gradually 
increasing  edema,  dyspnea,  frequency  and  nocturia. 

Examination. — On  admission  the  physical  examination  was  noteworthy  only 
for  generalized  edema.  The  urine  contained  large  amounts  of  albumin,  hyaline 
and  granular  casts.  Blood  pressure,  125/70;  phenolsulphonephthalein  output 
was  30  per  cent,  in  two  hours. 

Blood  Chemistry. — Urea  nitrogen,  19.6  mg.  per  hundred  c.c. ;  incoagulable 
nitrogen,  40.3  mg.  per  hundred  c.c. ;  uric  acid,  2.8  mg.  per  hundred  c.c. ;  creatinin, 
1.8  mg.  per  hundred  c.c;  cholesterol,  0.S04  per  cent.  Basal  metabolism:  30.7 
calories  ( — 18  per  cent.). 

Diagnosis. — On  entrance  a  diagnosis  of  chronic  diffuse  nephritis  was  made. 

Treatment. — The  patient  was  put  first  on  a  Karrell  diet,  then  on  a  carbo- 
hydrate and  high  protein  diet  successively,  but  apparently  with  little  benefit. 
A  salt  free  diet  and  diuetics  (theobromin  sodio-salicylate)  reduced  the  edema 
somewhat,  and  the  weight  fell  from  106  to  97  pounds,  but  no  further  removal 
of  fluid  could  be  efifected,  and  conditions  remained  stationary.  Two  months 
after  entrace  a  high  protein  diet  was  again  instituted,  and,  in  addition,  small 
doses  of  thyroid  extract  were  given.  Within  two  weeks  the  edema  had  dis- 
appeared entirely  and  the  weight  had  dropped  to  85  pounds.  The  failure  of 
the  high  protein  diet  at  first  was  due  to  the  fact  that  it  was  impossible  to  get 
the  patient  to  eat  because  of  her  extreme  illness.  Albuminuria  was  present 
at  the  time  of  discharge. 

Case  2. — History. — Rose  B.,  aged  27,  whose  past  history  is  of  no  importance, 
had  noticed  for  eighteen  months  an  increasing  swelling  of  the  legs,  thighs  and 
external  genitalia,  pallor  and  nocturia. 

Examination. — Pallor  and  generalized  edema.  Blood  pressure:  110/70; 
phenolsulphonephthalein  output  was  45  per  cent,  in  two  hours.  The  urine 
contained  large  amounts  of  albumin,  many  hyaline  and  granular  casts,  but  no 
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blood  cells.  The  Wassermann  was  four  plus.  A  Wassermann  test  made  at  the 
Beth  Israel  Hospital  one  year  ago  was  negative. 

Blood  Chemistry. — Urea  nitrogen,  22.4  mg.  per  hundred  c.c. ;  incoagulable 
nitrogen,  47.8  mg.  per  hundred  c.c. ;  uric  acid,  2.4  mg.  per  hundred  c.c. ;  creatinin, 
1.6  mg.  per  hundred  c.c;  cholesterol,  0.364  per  cent.  Basal  metabolism:  32 
calories  ( — 15  per  cent.). 

Treatment. — The  patient  was  put  on  a  high  protein  diet  and  thyroid  extract. 
Within  one  week  after  institution  of  this  therapy  she  began  to  void  large 
amounts  of  urine  and  continued  to  do  so  for  two  weeks.  At  the  end  of  this 
time  the  edema  disappeared,  the  weight  had  dropped  from  137  to  122  pounds, 
and  the  basal  metabolism  had  risen  to  the  normal  value  of  37.8  calories.  Ten 
days  after  the  disappearance  of  the  edema  neo-arsphenamin  therapy  was  insti- 
tuted, on  the  supposition  that  syphilis  entered  as  an  etiologic  factor,  but  after 
four  injections,  at  weekly  intervals,  it  had  to  be  discontinued  because  of 
increasing  albuminuria.  This  patient  was  followed  in  the  outpatient  depart- 
ment for  several  months  and  recurring  edema  was  readily  controlled  by  thyroid. 

This  case  is  very  similar  to  the  one  reported  by  Walclrop  and  Behr," 
as  a  syphilitic  nephrosis  with  generahzed  edema,  anemia,  and  high  blood 
lipoids  developing  in  the  secondary  stage  of  syphilis,  which  proved 
refractory  to  antisyphilitic  treatment,  but  responded  to  thyroid  therapy 
with  complete  disappearance  of  the  edema. 

Case  3.— History. — Esther  S.,  aged  33,  was  admitted  to  the  hospital,  July 
15,  1921.  She  had  had  pyelitis  four  and  a  half  years  previously;  salpingitis 
one  year  ago.  For  months  previous  to  admission  there  had  been  gradually 
increasing  edema,  ascites  and  hydrothorax. 

Examination. — The  urine  contained  three  plus  albumin,  hyaline  and  granular 
casts.  Blood  pressure:  95/60;  phenolsulphonephthalein  excretion,  35  per  cent, 
in  two  hours. 

Blood  Chemistry. — Urea  nitrogen,  14  mg.  per  hundred  c.c. ;  nonprotein  nitro- 
gen, 31.5  mg.  per  hundred  c.c;  uric  acid,  4.5  mg.  per  hundred  c.c;  creatinin, 
1.5  mg.  per  hundred  c.c;  cholesterin,  0.375  per  cent. 

Treatment. — For  the  first  two  weeks  the  patient  was  put  on  a  high  protein 
diet  but  with  no  improvement,  with  rather  a  slight  increase  in  edema,  the 
weight  rising  from  153  to  157  pounds.  She  then  was  given  a  salt  free  low 
protein  diet,  with  fluids  limited  to  500  c.c.  and  various  diuretics  (cafifein,  digi- 
talis and  theobromin  sodio-salicylate).  Her  condition  grew  steadily  worse,  the 
edema  increased  rapidly  and  September  5  her  weight  was  175  pounds.  Dur- 
ing this  period  there  was  a  fluid  retention  of  from  150  to  400  c.c.  daily. 
September  5,  the  high  protein  feeding  was  again  instituted,  at  first  with  little 
improvement.  September  14  examination  showed  a  basal  metabolism  of  30 
calories,  a  decrease  of  18  per  cent,  below  normal.  Thyroid  extract  was  then 
given.  Within  a  week  there  was  a  diuresis  and  for  the  first  time  the  fluid 
output  exceeded  the  intake  by  from  350  to  500  c.c.  daily.  October  29,  the 
patient  weighed  142  pounds,  the  basal  metabolism  had  risen  to  — 4  per  cent, 
and  only  a  trace  of  albumin  was  being  excreted  in  the  urine. 

Case  4. — History. — Alaude  E.,  aged  29,  had  had  a  bilateral  ovarectomy  done 
ten  j'cars  previously.  Her  present  illness  began  about  four  months  ago  with 
swelling  of  the  legs,  arms  and  face. 

Examination. — Generalized  edema  of  moderate  degree.  Blood  pressure: 
110/70.  The  urine  contained  four  plus  albumin,  hyaline  and  granular  casts;  the 
specific  gravity  was  between  1.010  and  1.022;  phenolsulphonephthalein,  30  per 
cent,  in  two  hours. 
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Blood  Chemistry. — January  6:  Urea  nitrogen,  18.2  mg.  per  hundred  c.c. ; 
incoagulable  nitrogen,  39.5  mg.  per  hundred  c.c;  uric  acid,  2.5  mg.  per  hundred 
c.c;  creatinin,  1.1  mg.  per  hundred  c.c;  cholesterin,  0.508  per  cent.  Basal 
metabolism:  34.5  calories   ( — 8  per  cent.). 

Treatment. — A  high  protein  diet  and  thyroid  therapy  was  followed  by  the 
complete  disappearance  of  edema  within  two  weeks.  At  the  same  time  there 
was  a  progressive  diminution  in  the  amount  of  albumin  lost  in  the  urine. 
Then,  for  some  unknown  reason,  the  intense  albuminuria  recurred,  edematous 
swellings  reappeared;  the  basal  metabolism  dropped  to  — 13  per  cent.,  and 
the  blood  cholesterol  rose  to  0.8  per  cent. 

It  is  evident  from  this  relapse  that  the  cause  operative  in  this  case 
had  not  been  eHminated  and  that  the  therapy  was  inadequate.  Increase 
in  the  dosage  of  thyroid  resulted  in  amelioration  of  the  condition,  but 
the  ultimate  outcome  is  still  in  doubt. 

Case  5. — History. — Ira  S.,  aged  35,  had  marked  generalized  edema  twelve 
years  previously,  accompanied  by  diminished  urinary  output.  Condition  lasted 
one  and  a  half  years.  He  had  a  similar  attack  six  years  ago  and  again  one 
year  ago.  One  week  before  entrance  he  developed  slight  generalized  edema 
which  cleared  up  very  quickly.     He  eats  freely  during  these  attacks. 

Examination. — -Negative ;  no  cardiac  hypertrophy  or  edema.  Blood  pressure : 
105/68.     Urine  contains  three  plus  albumin ;  hj'aline  and  granular  casts. 

Blood  Chemistry. — Urea  nitrogen,  15.4  mg.  per  hundred  c.c;  incoagulable 
nitrogen,  35.8  mg.  per  hundred  c.c;  uric  acid,  2.4  mg.  per  hundred  c.c; 
creatinin,  1.3  mg.  per  hundred  c.c;  cholesterin,  0.320  per  cent.;  total  serum 
protein,  4.3  per  cent.     Basal  metabolism:  33.4  calories,  — 15  per  cent. 

The  findings  in  this  case  are  of  special  interest  because  they  indicate 
that  the  depression  in  basal  metabolism  is  not  dependent  on  the  presence 
of  edema,  but  is  one  of  the  essential  phenomena  in  this  disease. 

Case  6. — History.— Frank  S.,  aged  36,  had  a  pulmonary  tuberculosis  of  seven 
years'  duration.  For  the  last  seven  months  there  had  been  generalized  edema, 
dyspnea  and  gastric  distress. 

Examination. — Extensive  bilateral  pulmonary  involvement;  marked  edema. 
Blood  pressure :  125/80.  The  urine  contained  large  amounts  of  albumin,  hyaline 
and  granular  casts.  The  phenolsulphonephthalein  output  was  25  per  cent,  in 
two  hours. 

Blood  Chemistry. — Urea  nitrogen,  18.2  mg.  per  100  c.c;  incoagulable  nitro- 
gen, 38.5  mg.  per  hundred  c.c;  uric  acid,  1.7  mg.  per  hundred  c.c;  creatinin. 
1.3  mg.  per  hundred  c.c;  cholesterol,  0.484  per  cent.  Basal  metabolism:  44.2 
calories,  +12  per  cent,    (afebrile  course). 

Sputum  positive  for  tubercle  bacilli. 

Treatment. — This  case  was  at  first  considered  one  of  nephrosis  and  the 
patient  was  put  on  a  high  protein  diet  for  two  weeks  with  no  improvement. 
The  case  was  then  complicated  by  the  development  of  a  tuberculous  otitis 
media  and  mastoiditis.  When  this  subsided,  the  patient  was  put  on  a  Karrcll 
diet.  Within  three  days  there  was  a  diuresis  and  the  edema  disappeared 
within  two  weeks  on  a  restricted  diet.  There  was  no  elevation  of  tempera- 
ture to  account  for  the  slightly  increased  basal  metabolism. 

Case  7 .—History.— Y^tia.  R.,  aged  28,  had  scarlet  fever  in  childhood.  This 
was  a  typical  case  of  chronic  diffuse  nephritis  with  slight  edema.  Blood  pres- 
sure: 145/100.  Hemoglobin,  29  per  cent.;  erythrocytes,  1,800,000.  The  urine 
contained  albumin  three  plus,  many  hyaline  and  granular  casts. 
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Blood  Chemistry.— Vrta.  nitrogen,  82.6  mg.  per  hundred  c.c. ;  incoagulable 
nitrogen,  146.7  mg.  per  hundred  c.c. ;  uric  acid,  9  mg.  per  hundred  c.c. ;  creatinin, 
8.8  mg.  per  hundred  c.c. ;  cholesterol,  0.290  per  cent.  Basal  metabolism :  37.6 
calories ;  normal. 

Course. — An  attempt  to  relieve  the  edema  with  the  high  protein  feeding 
was  unsuccessful.  Other  measures  were  also  of  no  aid.  The  patient  left  the 
hospital  unimproved. 

Case  8. — History. — Peppie  \V.,  aged  54,  for  several  months  noticed  failing 
vision,  nocturia  and  weakness.  Blood  pressure :  180/95.  No  edema.  Albu- 
minuric retinitis.  Phenolsulphonephthalein  output  was  45  per  cent,  in  two 
hours.     The  urine  contained  albumin  two  plus,  hyaline  and  granular  casts. 

Blood  Chemistry. — Urea  nitrogen,  18.2  mg.  per  hundred  c.c. ;  incoagulable 
nitrogen,  52.5  mg.  per  hundred  c.c. ;  uric  acid,  1.7  mg.  per  hundred  c.c. ;  creatinin, 
1.1  mg.  per  hundred  c.c. ;  cholesterol,  0.412  per  cent.  Basal  metabolism :  38.6 
calories,  +  6  per  cent. 

Course. — The  patient's  condition  remained  unchanged  on  a  restricted  diet 
and  she  was  discharged  unimproved. 

Case  9. — History. — Isadore  T.,  aged  48.  Past  history  of  no  importance. 
Present  illness  began  six  months  ago  with  severe  frontal  and  occipital  head- 
aches, vertigo  and  anorexia. 

Examination. — Cardiac  hypertrophy.  Blood  pressure:  235/130  and  244/135. 
The  urine  contained  a  faint  trace  of  albumin  and  hyaline  casts ;  specific  gravity 
ranged  between  1.016  and  1.022.  The  phenolsulphonephthalein  excretion  was 
25  per  cent,  in  two  hours. 

Blood  Clicinistry. — Urea  nitrogen,  16.8  mg.  per  hundred  c.c. ;  incoagulable 
nitrogen,  64  mg.  per  hundred  c.c. ;  uric  acid,  3.5  mg.  per  hundred  c.c. ;  creatinin, 
2.3  mg.  per  hundred  c.c. ;  cholesterin,  0.254  per  cent.  Basal  metabolism :  41 
calories,  -j-6  per  cent. 

Course. — The  patient  was  put  on  a  restricted  diet  with  little  change  in  his 
condition. 

Case  10. — History.— li\ma.n  B.,  aged  39.  Nephritis  eleven  years  ago  and 
again  six  years  ago.  For  the  past  three  weeks  there  has  been  generalized 
edema  of  moderate  degree  accompanied  by  severe  headaches,  partial  blindness 
and  lumbar  pain. 

Examination. — Albuminuric  retinitis  ;  cardiac  hypertrophy.  Blood  pressure  : 
220/140.  The  urine  contained  a  trace  of  albumin,  hyaline  and  granular  casts. 
The  specific  gravitj'  was  1.010.  The  phenolsulphonephthalein  excretion  was 
3  per  cent,  in  two  hours. 

Blood  Chemistry. — Urea  nitrogen,  36.4  mg.  per  hundred  c.c. ;  incoagulable 
nitrogen,  73.7  mg.  per  hundred  c.c;  uric  acid,  3.3  mg.  per  hundred  c.c; 
creatinin,  5.2  mg.  per  hundred  c.c;  cholesterin,  0.140  per  cent.  Basal  metabo- 
lism :  41  calories,  -f  6  per  cent. 

Course. — There  was  no  change  in  the  condition  of  this  patient  while  on  a 
restricted   diet. 

Case  10  is  unquestionably  one  of  chronic  interstitial  nephritis  and 
shows  a  normal  basal  metabolic  rate.  The  first  five  cases  are  true 
nephroses  and  show  a  definitely  decreased  basal  metabolism.  The  edema 
in  Case  1  cleared  up  on  a  high  protein  diet  and  thyroid  therapy  after 
all  other  methods  of  relief  had  failed.  Rose  B.  (Case  2)  showed  a 
remarkable  diuresis  following  high  protein  and  thyroid.  The  basal 
metabolism  returned  to  normal  coincident  with  the  clinical  improve- 
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ment,  but  the  blood  cholesterol  remained  practically  unchanged.  In 
spite  of  a  4  plus  Wassermann,  antisyphilitic  treatment  only  aggravated 
the  condition. 

Esther  S.  (Case  3)  at  first  showed  no  improvement  with  the  high 
protein  diet,  low  salt  and  low  protein  diet,  restricted  fluids  and  diuretics. 
Then,  when  thyroid  was  given  in  combination  with  a  high  protein  diet, 
a  remarkable  diuresis  followed,  with  rapid  disappearance  of  the  edema, 
and  a  loss  of  23  pounds  in  four  weeks.  In  this  case,  apparently,  the 
patient  was  unable  to  utilize  adequately  the  protein  given  until  thyroid 
was  administered. 

Maude  E.  (Case  4)  presented  a  typical  case  of  nephrosis  which  at 
first  responded  to  a  high  protein  diet  and  small  doses  of  thyroid.  The 
subsequent  relapse,  we  believe,  was  due  to  insufficient  thyroid  dosage 
or  utilization.     This  case  is  still  under  observation. 

Ira  S.  (Case  5)  had  a  nephrosis  in  the  nonedematous  stage.  The 
reduced  basal  metabolism  and  the  chemical  findings  characteristic  of 
this  type  of  disease  were  present.  This  is  of  particular  significance  as 
it  demonstrates  that  the  lowered  metabolism  in  this  condition  is  not 
due  to  tissue  dilution. 

Isadore  T.  (Case  9)  had  an  essential  hypertension  with  secondary 
nephrosclerosis.  The  blood  chemistry  indicates  moderate  nitrogen  reten- 
tion and  slight  increase  in  cholesterol.    The  basal  metabolism  is  normal. 

Peppie  W.  (Case  8)  and  Yetta  R.  (Case  7)  had  a  chronic  difituse 
nephritis.  The  blood  chemistry  is,  in  the  main,  like  that  of  the  hyper- 
tensive types  of  nephritis  (chronic  diffuse  nephritis  and  nephro- 
sclerosis) differing  only  in  the  presence  of  a  hypercholesterinemia.  We 
believe  that  the  high  blood  cholesterol  may  be  due  to  a  lipoid  mobiliza- 
tion following  the  loss  of  much  albumin  through  the  kidney,  and  there- 
fore does  not  indicate  necessarily  a  primary  metabolic  disorder.  This 
is  supported  by  the  fact  that  the  basal  metabolism  in  these  cases  is 
normal. 

Frank  S.  (Case  6)  was  regarded  as  having  a  nephrosis  with  a 
slightly  increased  basal  metabolism.  Here  we  have  the  complicating 
factor  of  tuberculosis.  The  failure  of  the  high  protein  diet  and  thyroid 
therapy  in  addition  to  the  increased  basal  metabolic  rate  suggests  that 
this  condition  has  a  tuberculous  basis,  and  that  the  nature  of  the  renal 
disturbance  was  that  of  an  amyloid  kidney. 

In  1917  Aub  and  DuBois  ^  reported  metabolic  studies  on  ten  cases 
of  nephritis.  Five  of  these  were  diagnosed  as  chronic  interstitial 
nephritis  and  showed  normal  metabolic  rates  corresponding  to  our  find- 
ings. The  remaining  cases  of  their  group  were  diagnosed  as  chronic 
parenchymatous  nephritis  with  edema  and  may  be  summarized  as 
follows : 
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Joseph  U.  ;  scarlet  fever  five  years  before  entrance.  Generalized  edema  for 
three  weeks  previous  to  admission.  The  urine  contained  albumin  three  plus, 
hyaline,  granular  and  pus  casts.  The  blood  pressure  was  175/108-149/84.  The 
blood  chemistry :  Urea  nitrogen,  57.4  mg.  per  hundred  c.c. ;  incoagulable  nitro- 
gen, 100  mg.  per  hundred  c.c;  creatinin,  1.91  mg.  per  hundred  c.c.  Basal 
metabolism  varied   from  —  7  to   +14   per   cent. 

The  patient  did  well  on  a  mixed  diet  of  1,500  calories,  5  gm.  nitrogen,  and 
hot  air  baths.  Edema  disappeared  almost  entirely.  Was  doing  well  when  he 
suddenly  became  ill,  developed  pneumonia  and  died  eleven  days  after  the  onset 
of  the  infection. 

William  S.,  aged  27,  for  one  year  had  a  recurring  edema.  There  was 
marked  edema  at  entrance.  The  urine  contained  large  amounts  of  albumin, 
hyaline  and  granular  casts.  Blood  pressure,  178/90.  The  blood  chemistry: 
Urea  nitrogen,  17.3  mg.  per  hundred  c.c;  nonprotein  nitrogen,  41.7  mg.  per 
hundred   c.c.     Basal  metabolism,  +4  per  cent. 

The  patient  improved  steadilj^  on  a  restricted  diet. 

Adam  P.,  aged  26,  history  of  rheumatic  fever.  The  urine  contained  large 
amounts  of  albumin,  hyaline  and  granular  casts.  There  was  marked  generalized 
edema.  The  blood  pressure  was  200/130.  The  blood  chemistry:  Urea  nitrogen, 
34.3  mg.  per  hundred  c.c;  creatinin.  0.5  mg.  per  hundred  c.c;  uric  acid,  3.7 
mg.  per  hundred  c.c.     Basal  metabolism  ranged  from  — 10  to  —  13  per  cent. 

The  patient  improved  on  a  restricted  diet  and  hot  air  baths,  with  the  dis- 
appearance of  the  edema  within  three  weeks. 

Lee  H.,  aged  21.  Past  history  was  not  obtained.  Marked  edema  was 
present.  The  urine  contained  albumin  three  plus ;  many  hyaline  and  granular 
casts.  The  blood  pressure  was  115/80.  The  blood  chemistry:  Urea  nitrogen, 
32  mg.  per  hundred  c.c;  creatinin,  0.84  mg.  per  hundred  c.c  Basal  metabolism, 
— 13  per  cent. 

This  patient  was  put  on  a  restricted  diet;  the  edema  continued  to  increase, 
the  weight  increased,  and  the  basal  metabolism  dropped  to  — 27  per  cent.  The 
patient  died  and  postmortem  aspiration  of  the  pleural  cavity  and  abdomen 
yielded  a  milky  fluid  containing  very  few  cells. 

Edxa  S.,  aged  13,  history  negative  except  for  mild  sore  throat.  There  was 
marked  generalized  edema.  Blood  pressure:  145/105.  The  urine  contained 
large  amounts  of  albumin  and  many  hyaline  and  granular  casts.  The  blood 
chemistry :  Urea  nitrogen,  14.5-22.6  mg.  per  hundred  c.c ;  nonprotein  nitrogen, 
19.7  mg.  per  hundred  c.c.     Basal   metabolism:  —40  per  cent. 

A  restricted  diet  low  in  nitrogen  was  of  no  benefit.  The  edema  steadily 
increased  and  the  patient   died. 

No  lipoid  studies  were  made   in  these  cases. 

It  will  be  noted  that  in  the  three  cases  with  normal  metabolic  rates 
the  edema  disappeared  on  restricted  diets.  In  the  two  cases  with 
marked  decrease  in  basal  metabolism,  the  edema  steadily  increased  on 
restricted  diets  and  both  patients  died.  We  believe  that  these  two  cases 
of  Aub  and  DuBois  correspond  to  our  Cases  1,  2  and  3,  which  we 
regard  as  cases  of  true  nephroses  and  which  have  yielded  to  high 
protein  therapy.  That  our  assumption  of  a  respiratory  quotient  of 
0.82  does  not  invalidate  our  basal  metabolic  determination  in  these 
cases  is  also  shown  by  those  observers.  In  twelve  of  their  fourteen 
observations  on  nephritis  the  respiratory  quotient  ranged  from  0.78  to 
0.84.  In  only  two  cases  were  there  abnormal  values  and  these  patients 
were  on  carbohydrate  diets. 


1  - 
I. 

I 


EPSTEIN-LANDE— BLOOD    LIPOIDS  575 

Basal'  metabolism  studies  on  this  group  of  cases  have  been  under- 
taken only  recently,  and  because  of  this,  the  number  of  cases  reported  is 
still  relatively  small.  However,  they  gain  added  significance  from  the 
results  of  thyroid  therapy  recently  reported  by  Epstein,*  Eppinger,^ 
Volhard  "^  and  others,  in  the  treatment  of  various  forms  of  edema, 
particularly  war  edemas,  and  others  in  which  the  factor  of  protein 
deficiency  enters.  The  cases  reported  above  show  that  those  which 
respond  to  protein  therapy  are  accompanied  by  a  subnormal  basal 
metabolism.  This  seems  to  us  to  be  a  logical  finding  in  view  of  the 
associated  defective  protein  metabolism,  and  may  be  explained  by  the 
diminution  of  the  specific  dynamic  energy-  normally  imparted  by  the 
products  of  protein  catabolism.  In  this  way  the  basal  metabolism 
determination  serves  as  an  indirect  measure  of  the  protein  deficiency, 
and  may  be  an  added  diagnostic  and  therapeutic  index  of  considerable 
value.  That  the  beneficial  effect  of  thyroid  is  due  entirely  to  its  stimu- 
lative influence  on  basal  metabolism  is  open  to  question,  and  it  is  quite 
probable  that  its  effect  in  promoting  the  utilization  of  exogenous  and 
endogenous  protein,  as  demonstrated  b}'  Magnus-Levy,  von  Norden 
et  al,  explains  its  action.  This  phase  of  the  subject,  however,  is  still 
a  matter  for  further  investigation ;  but  that  a  low  metabolic  rate  in 
itself  is  not  sufficient  to  cause  edema  is  shown  by  the  following  two 
cases : 

Case  11. — Arthur  S.,  aged  20,  a  psychopath  who  on  a  self-imposed  low 
calory,  low  protein  diet  reduced  his  weight  from   146  to  7?i  pounds. 

Basal  metabolism:  22.7  calories,  — 42  per  cent.  Blood  cholesterol:  0.102 
per  cent. 

Case  12. — Rose  Y.,  aged  21,  a  cretin;  on  thyroid  therapy  and  under  obser- 
vation for  fifteen  years.     Symptoms  entirely  neurologic. 

Basal  metabolism:  32  calories,  — 15  per  cent.  Blood  cholesterol:  0.130 
per  cent. 

Neither  of  these  patients  developed  at  any  time  either  edema  or 
myxedema.  It  will  be  noted  that  these  are  the  only  two  instances  in 
which  a  low  metabolic  rate  is  associated  with  a  low  blood  cholesterol, 
indicating  the  importance  of  increased  lipoids  as  an  accessory  factor 
in  edema.  In  these  cases  with  a  low  basal  metabolism  the  protein 
utilization  is  apparently  unimpaired ;  a  factor  considered  by  Rubner  as 
significant  in  the  prevention  of  edema  in  cases  of  starvation.  Further, 
it  is  of  interest  to  note  that  in  hyperthyroidism,  a  condition  in  which 
emaciation  of  great  degree  may  occur,  but  in  which  the  basal  metabolism 
and  protein  utilization  are  increased,  edema  is  practically  never 
encountered. 

In  Table  6  ten  menopause  cases  are  reported.  All  have  normal 
basal  metabolic  rates,  but  the  blood  cholesterol  figures  range  from  0.182 
to  0.394  per  cent.  The  tendency  to  a  hypercholesterinemia  is  noted  in 
these  cases.  In  this  connection  we  wish  only  to  point  out  the  impor- 
tance of  the  climacteric  period  as  a   factor  in  the  elevation  of  blood 
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TABLE  6. — Mexopause  Cases 


Ace.  No. 

Name 

Age 

Date 

Basal  Metabolism 

Blood 

Cholesterol, 

Per  Cent. 

Calories      Per  Cent. 

208950 

A.  M 

42 
47 
40 
48 
45 
40 
47 
45 
45 
42 

April  15 
Mar.  31 
Mar.  31 
April   7 
April   7 
April  11 
April  18 
April  21 
April  25 
April  25 

42                     +15 
40                    +12 
37.8                +  3 
39.8                +10 
40                   +10 
38                   +  4 

36  Normal 
36.5        ;    Normal 
37.5                 +  4 

37  Normal 

0  18' 

208982 

G.  L 

0  '30 

208949 

T.  A 

0  19^ 

209157 

S.  K 

0  '48 

209174 

O.  B 

0  ''0 

209242 

A.  B 

0  '06 

209169 

E.  F 

0  394 

209561 

A.  F 

0  182 

209671 

H.  W 

0  '40 

■'09648 

T.  R 

0  24' 

cholesterol,  so  that  no  false  conclusions  will  be  drawn  in  cases  at  this 
age  with  subnormal  basal  metabolism. 

In  Table  7  are  recorded  conditions  in  which  either  the  blood 
cholesterol  or  the  basal  metabolism  is  subject  to  variation.  These  cases 
are  too  few  to  permit  the  drawing  of  any  conclusions,  but  it  will  be 
seen  that  the  inverse  relationship  between  basal  metabolism  and  blood 
cholesterol  holds  true  in  most  of  them,  with  the  exception  of  the  blood 
conditions. 

TABLE  7. — Miscellaneous  Group 


Basal  Metabolism 

Blood 

Ace.  No. 

Name 

Age 

Sex 

Date 

Choles- 

Diagnosis 

Calo- 

Per 

terol, 

ries 

Cent. 

Per  Cent. 

211699 

B.  E. 

20 

9 

Oct.    21 

37.8 

Normal 

0.218 

Cholelithiasis 

205390 

D.  R. 

35 

9 

Nov.  10 

37.5 

Normal 

0.178 

Cholelithiasis 

205132 

S.    K. 

49 

9 

Get.    23 

36 

Normal 

0.130 

Pernicious  anemia 

205808 

A.  M. 

49 

W 

'Dec.     2 

43 

+10 

0.236 

Lymphatic  leukemia 

208909 

S.    K. 

30 

cf 

Mar.  29 

42.5 

+  7 

0.084 

Polycythemia  vera 

207396 

B.  A. 

42 

V 

Feb.  15 

38.6 

+  6 

0.284 

Obesity 

204394 

E.  C. 

19 

d" 

Get.     2 

35 

—  8 

0.308 

Hypopituitarism  and 
glycosuria 

208255 

C.  H. 

25 

V 

Mar.  12 

40 

+  6 

0.160 

Achondroplasia 

208109 

M.  B. 

42 

y 

Mar.    3 

36.4 

Normal 

0.174 

Splenomegaly  with 
anemia 

206713 

H.  G. 

17 

9 

Dee.   28 

55 

+32 

0.100 

Gaucher  splenomegaly 

DISCUSSION 

The  material  presented,  we  believe,  shows  that  the  relationship 
existing  between  the  metabolic  rate  and  the  blood  cholesterol  in  thyroid 
disease  is  more  than  an  incidental  one.  The  low  blood  cholesterol 
values  with  an  increased  metabolic  rate  and  the  high  values  with  a 
depressed  basal  metabolism,  lead  one  naturally  to  believe  that  it  may 
be  only  a  matter  of  combustion;  an  increased  rate  of  oxidation  causing 
increased  consumption  of  available  lipoid,  and  vice  versa.  We  do  not 
believe  that  this  is  the  complete  explanation.  However,  until  more 
is  known  about  the  metabolism  of  lipoids  in  the  body,  any  explanation 
must  be  based  on  hypotheses,  as  yet  incapable  of  proof.  The  more 
recent  work  of  Marine  and  Bauman,^  in  which  thev  demonstrated  a 


8.  Marine,  D.,  and  Bauman,  E.  J.:    Am.  J.  Physiol.  57:135,  192L 
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rise  in  basal  metabolism  following  the  destruction  of  the  suprarenal 
cortex  in  rabbits,  is  especially  suggestive,  in  the  light  of  the  close 
relationship  existing  between  the  suprarenal  cortex  and  the  blood 
cholesterol.  Marine  and  Bauman  suggest  that  the  suprarenal  cortex 
may  have  an  inhibitory  function  in  the  regulation  of  basal  metabolism. 
The  possibility  exists  that  such  a  power  may  be  inherent  in  its  lipoid 
content  which  is  known  to  vary  with  that  of  the  blood/^  In  Addison's 
disease,  for  example,  the  blood  cholesterol  is  very  low.  It  is  also  known 
that  in  fatal  cases  of  exophthalmic  goiter  the  lipoid  content  of  the 
suprarenal  cortex  is  greatly  reduced. 

Wasting  diseases  other  than  hyperthyroidism  are  associated  with 
a  low  blood  cholesterol.  The  diagnostic  value  of  a  low  cholesterol  is 
doubtful,  but  a  normal  or  elevated  figure  must  be  a  rare  finding  in 
exophthalmic  goiter.  In  enlargements  of  the  thyroid  with  toxic  symp- 
toms the  lipoid  content  may  be  out  of  proportion  to  the  metabolic  rate, 
but  this  is  explained  by  the  menopause  factor  which  tends  to  give  a 
higher  initial  figure.  Once  established  in  connection  with  the  basal 
metabolic  rate,  we  believe  that  repeated  cholesterol  determinations  offer 
a  satisfactory  method  of  following  the  course  of  thyroid  toxicity.  This 
is  of  special  value  in  judging  the  effect  of  thyroid  therapy  in  myxedema 
and  allied  conditions  of  hypothyroidism.  It  is  known  that  in  some 
cases  of  hyperthyroidism,  the  basal  metabolism  does  not  correspond  to 
the  severity  of  the  condition  as  observed  clinically.  This  is  to  be 
expected  as  the  damage  to  the  myocardium,  nervous  system  and  body 
reserve  outlasts  the  elevation  of  the  metabolic  rate.  We  believe  that  in 
these  cases  the  blood  cholesterol,  as  an  index  of  the  lipoid  content  of 
the  suprarenal  cortex  and  body  tissue,  may  be  of  considerable  value  in 
prognosis,  and  as  an  indication  of  the  safety  of  operative  procedure. 
It  is  worth  noting  that  the  patient  with  a  blood  cholesterol  of  0.095 
per  cent,  died  on  the  operating  table. 

In  nephrosis,  we  believe  basal  metabolism  determinations  will  prove 
to  be  of  great  value  in  differentiating  cases  suitable  for  high  protein 
and  thyroid  therapy.  The  subnormal  metabolism  found  in  these  cases 
is  not  necessarily  due  to  a  hypothyroidism  but  to  defective  protein 
metaboHsm,  with  its  associated  diminution  of  the  specific  dynamic 
energy  normally  imparted  by  products  of  protein  catabolism.  In  this 
way  the  basal  metabolism  determinations  serve  as  an  indirect  measure 
of  protein  deficiency.  We  believe  that  the  beneficial  effect  of  thyroid 
is  not  due  entirely  to  its  stimulative  action  on  the  rate  of  oxidation, 
as  a  subnormal  metabolism  in  itself  is  not  sufficient  to  produce  edema. 
The  effect  of  thyroid  in  promoting  the  utilization  of  protein  probably 
explains  its  ultimate  influence  on  edema. 


9.  Rothschild.  M.  A.:    New  York  Path.  Soc.  14:    (Oct.)   1914. 
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INTRODUCTION 

With  the  introduction  of  simple  and  reHable  microchemical  methods 
of  analysis,  the  determination  of  the  concentration  of  metabolites  in 
the  blood  has  become  an  accepted  clinical  procedure.  Consequently,  the 
relation  of  metabolites  in  the  blood  to  their  distribution  throughout  the 
entire  organism  is  a  subject  of  clinical  as  well  as  theoretic  interest.  I 
wish  here  to  consider  the  distribution  of  metabolites  in  the  body  as  a 
whole  in  relation  to  their  concentration  in  the  blood. 

Three  methods  have  been  applied  in  studying  metabolite  dis- 
tribution. The  first,  which  is  used  in  this  report,  consists  in  parallel 
determinations  of  the  metabolites  in  the  blood  and  in  the  various  body 
fluids.  The  second  method  consists  in  the  postmortem  analyses  of  tissues 
to  determine  their  respective  metabolite  content.  The  third  method  is 
tlie  study  of  the  effect  produced  by  the  ingestion  of  a  given  quantity  of 
meat,  or  urea,  and  the  resultant  changes  in  the  blood  metabolites,  con- 
trolling the  experiments  with  nitrogen  excretion  determinations.  The 
limitations  of  each  of  these  three  methods  will  be  discussed  later. 

The  first  parallel  analyses  of  urea  were  made  by  Javal  and  Adler  ^ 
in  1906,  using  the  hypobromite  method.  In  four  cases  they  found 
the  urea  content  of  different  fluids  from  the  same  cases  in  practical 
accord.  Javal  and  Boyet  -  reported  ten  cases  with  a  similar  agreement 
in  1910.  In  1911,  JavaP  made  parallel  urea  estimations  on  the  blood 
and  cerebrospinal  fluid  in  eighteen  cases,  blood  and  edema  fluid  in 
four  cases,  pleural  and  edema  fluid  in  one  case,  blood  and  pleural 
fluids  in  five  cases,  and  pleural  and  cerebrospinal  fluids  in  five  cases. 
The  urea  concentrations  in  the  fluids  from  the  same  cases  were  virtually 
identical.  Javal  concluded  that  "when  the  urea  increases  in  the  serum 
it  also  increases  simultaneously  in  the  organism  and  diffuses  through 
all  the  fluids  of  the  organism  in  the  same  concentration  in  which  it 
occurs  in  the  serum.      .      .      .      The  blood  contains  from  30  to  35  mg. 


*From  the  University  Medical  Service  and  the  Chemical  Laboratory,  Min- 
neapolis General  Hospital,  and  the  Department  of  Medicine,  University  of 
Minnesota. 

1.  Javal  and  Adler:    Seances  et  Alem.  de  la  Soc.  de  Biol.  61:235,  1906. 

2.  Javal  and  Boyet:    Ibid.  68:527,  1910. 

3.  Javal:    J.  de  phys.  et  de  path.  gen.  13:508,  1911. 
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urea  nitrogen  per  hundred  cubic  centimeters.  Normally,  the  cerebro- 
spinal fluid  contains  about  the  same  quantity."  Javal's  figures  are 
approximately  twice  those  now  considered  normal  for  blood  urea 
nitrogen,  doubtless  because  the  hypobromite  method  used  gives  nitrogen 
other  than  urea  nitrogen  added  to  the  true  urea  nitrogen  figure."* 

Rosenberg,^  in  1914,  made  parallel  determinations  of  urea,  creatinin 
and  indican  in  the  blood  and  in  the  ascitic,  pleural,  and  cerebrospinal 
fluids  of  nephritics.  He  also  used  the  hypobromite  urea  method. 
Normal  subjects  were  not  studied.  Rosenberg  concludes  that  "in 
uremia,  the  urea  content  of  the  pleural  and  peritoneal  fluids  is  from 
80  to  100  per  cent,  of  the  blood.  The  creatinin  content  is  up  to  20  per 
cent,  of  the  blood,  and  the  indican  is  equal  to  the  blood.  The  cerebro- 
spinal fluid  contains  from  56  to  96  per  cent,  of  the  urea  content  of  the 
blood,  and  from  Z7  to  75  per  cent,  of  the  blood  creatinin."  With  the 
exception  of  considerably  higher  creatinin  percentages  for  the  body 
fluids,  these  findings  coincide  with  those  reported  here.  Using  modern 
microchemical  methods,  Bernhard  ^  found  the  nonprotein  nitrogen,  urea 
nitrogen,  sugar  and  chlorides  in  eleven  transudates  and  exudates  to  be 
comparable  to  those  of  normal  blood.  He  did  not  make  parallel 
analyses  of  the  blood  at  the  same  time,  and  does  not  state  whether  or 
not  the  fluids  were  obtained  with  the  patient  in  the  fasting  state. 

The  sugar  content  of  transudates  and  exudates  compared  to  the 
sugar  content  of  the  blood  at  the  same  time  has  been  studied  by  Hagler 
and  Schumann,"  using  the  method  of  Bang.  Of  six  pleural  transu- 
dates, all  but  one  had  as  high  a  sugar  content  as  the  blood,  or  higher. 
In  twenty  pleural  exudates,  the  sugar  content  was  usually  lower  than 
that  of  the  blood ;  in  eight  peritoneal  transudates  it  was  slightly  higher, 
and  in  seven  cases  of  peritonitis  it  was  slightly  lower  than  the  normal 
blood  sugar.  The  ingestion  of  100  gm.  levulose  or  dextrose  caused 
parallel  increases  in  the  sugar  content  of  blood  and  fluids.  From 
parallel  analyses  on  the  blood  and  fluids  in  five  cases  with  pleuritic, 
and  four  cases  with  ascitic  effusions,  Dennis  and  Minot  ^  conclude  that 
the  urea,  uric  acid,  creatinin  and  nonprotein  nitrogen  occur  in  the 
same  concentration  in  exudates  and  transudates  as  in  the  blood.  They 
found  the  sugar  content  of  the  four  ascitic  fluids  somewhat  higher 
than  that  of  the  blood.  contrar\'  to  the  pleuritic  fluids,  which  had  a 
somewhat  lower  sugar  content. 


4.  Herter  and  Wakemaii :    J.  M.  Research  4:119,  1899;  Johns  Hopkins  Hosp. 
Rep.  9:69,   1900. 

5.  Rosenberg:    Berl.  Win.  Wchnschr.  49:1314,  1916. 

6.  Bernhard:    Interstate  M.  J.  49:188,   1918. 

7.  Hagler  and  Schumann:    Med.  Klin.  9:1810,  1913. 

8.  Dennis  and  Minot:    Arch.  Int.  Med.  20:879   (Dec.)    1917. 
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Seham  and  Nixon  ^  have  recently  investigated  the  chemistry  of  nor- 
mal and  pathologic  spinal  fluids.  Their  complete  summary  of  the  exten- 
sive literature  makes  further  citation  unnecessary.  They  report  an 
average  spinal  fluid  sugar  content  of  56.2  per  cent,  of  the  blood  sugar  in 
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Case  of  chronic  nephritis  illustrating  parallel  distribution  of  urea  nitrogen, 
creatinin  and  sugar  in  the  blood,  ascitic  fluid  and  right  and  left  pleural 
effusions. 

normal  cases,  with  a  maximum  of  70.3  per  cent,  and  a  minimum  of  47.8 
per  cent.  Their  findings  for  sugar  are  comparable  to  those  of  previous 
investigators.      In   four   normal   subjects  they   found   the   spinal   fluid 


9.  Seham  and  Xixon :    Arch.  Int.  Med.  28:561    (Nov.)    1921. 
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creatinin  to  average  95.5  per  cent,  of  the  blood  creatinin,  and  llie  dis- 
eases with  high  blood  creatinin  exhibited  a  corresponding  increase  in 
the  creatinin  content  of  the  spinal  fluid.  In  four  normal  subjects  the 
urea  content  of  the  spinal  fluid  averaged  62.15  per  cent,  of  the  blood 
urea,  with  a  range  of  from  45.5  to  174.6  per  cent,  in  pathologic  cases. 
Their  findings  for  urea  differ  from  those  of  Cullen  and  Ellis/"  who 
report  almost  complete  agreement  between  the  urea  content  of  the 
spinal  fluid  and  the  blood.  Meyers  and  Fine  "  found  in  nephritics  that 
the  fonner  averages  88  per  cent,  of  the  latter.  The  figures  of  Seham 
and  Nixon  are  somewhat  higher  for  spinal  fluid  creatinin,  and  some- 
what lower  for  urea,  than  those  reported  in  this  paper. 

The  various  investigators  of  the  metabf)lite  distribution  between 
the  blood  and  other  body  fluids  thus  appear 'in  fairly  close  agreement. 
They  find  both  the  nitrogenous  metabolites  and  the  sugar  in  approxi- 
mately the  same  concentration  in  fluids  and  in  blood.  The  per- 
centages for  the  blood  are  usually  slightly  higher  than  for  the  other 
fluids,  but  an  increase  in  the  blood  values  appears  to  be  associated  with 
corresponding  increases  in  the  values  in  the  fluids. 

PROCEDURE 

This  study  is  concerned  with  further  investigation  of  the  distribtition 
of  metabolites  between  the  blood  and  other  body  fluids,  primarily  in 
cases  in  which  the  blood  exhibits  no  retention  of  metabolites.  A  few 
cases  with  increased  retention  are  included  for  comparison. 

In  all  cases  the  blood  and  fluids  were  obtained  simultaneously.  The 
patients  were  kept  without  food  overnight,  and  the  samples  were 
obtained  before  breakfast,  Jacobsen  and  Edwards  ^-  having  shown  that 
there  may  be  an  increase  in  blood  urea,  as  well  as  blood  sugar,  following 
the  ingestion  of  an  ordinary  meal.  The  specimens  were  immediately  sent 
to  the  laboratory,  where  parallel  determinations  of  the  sugar,  urea 
nitrogen  and  creatinin  were  done.  Most  of  the.  determinations  were 
made  in  less  than  half  an  hour  after  withdrawal  of  the  fluids  from  the 
patient.  The  analyses  were  all  made  by  the  same  person.  Double 
estimations  on  the  same  specimen  were  frequently  made  to  check  the 
technic,  with  results  well  within  the  limits  of  experimental  error.  Urea 
nitrogen  M^as  estimated  by  Van  Slyke  and  CuUen's  modification  of 
Marshall's  tirease  method,^^  creatinin  by  the  method  of  Folin,^*  sugar 
bv  the  method  of  Lewis  and  Benedict. ^^     A   Kober  colorimeter  was 


10.  Cullen  and  Ellis:    J.  Biol.  Chcm.  20:511,  1915. 

11.  Meyers  and  Fine:    J.  Biol.  Chem.  37:239,  1919. 

12.  Tacohsen  and  Edwards:    Am.  J.   M.  Sc.  159:579,   1920. 

13.  Van  Slyke  and  Cullen:    J.  Biol.  Chem.  24:117,  1916. 

14.  Folin:    J.  Biol.  Chem.  17:475,  1914. 

15.  Lewis   and   Benedict:     T.  Biol.   Chem.  20:61,  1915. 


582 


ARCHIVES    OF    LXTERXAL    MEDICINE 


employed.  The  percentage  concentration  of  the  metabolites  in  each 
fluid  was  obtained  by  dividing  the  concentration  of  the  metabolite  in  the 
fluid,  times  100,  by  the  concentration  of  the  metabolite  in  the  blood. 

CLASSIFICATION     OF     MATERIAL 

In  all,  fifty-five  fluids  from  thirty-six  cases  were  analyzed.  As 
often  as  possible,  more  than  one  fluid  was  obtained  from  the  same 
case.  Several  cases  were  used  more  than  once,  but  at  each  fluid 
determination  a  parallel  blood  analysis  was  done  at  the  same  time.    The 

TABLE  1. — Classification  of  Cases  According  to  Groups 


Group  Cases 

I        Effusions   in  cases  with  normal  blood  metabolites 3 

Ascitic  transudates  13 

Thoracic    transudates    " 

Ascitic  exudates   4 

Thoracic  exudates  7 

II       Effusions  in  cases  with  increased  blood  metabolites 

Ascitic  transudates   1 

Thoriicie  transudates    3 

III  Cerebrospinal  fluids  in  cases  with  normal  blood  metabolites 1 

Normal   fluids    T 

Pathologic  fluids    S 

IV  Cerebrospinal  fluids  in  cases  with  increased  blood  metabolites 

Normal  fluid  1 

Pathologic    fluids    4 

Total   5 


TABLE  2. — Grouping  of  Fluids  According  to  Clinical  Diagnoses 


Diagnosis  Cases 

Chronic  nephritis 10 

Hepatic  cirrhosis 9 

Carcinoma 4 

Tuberculous  pleurisy 4 

Tabes  dorsalis 3 

General  paresis 3 

Myocardial  degeneration 2 

Tuberculous  peritonitis 2 

Empyema 2 

Hysteria 2 

Aneurism 1 

Hydrocele 1 


Diagnosis 

Polyserositis 

Acute  peritonitis 

Acute  pericarditis 

Cholecystitis 

Neurasthenia 

Dementia  praeco.x 

Neurosyphilis 

Lethargic  encephalitis 

Cerebrospinal  meningitis. 

Uremia 

Alcoholism 

Normal 


Cases 


Total. 


cases   have  been  arranged   in   four   groups    (Table    1). 
diagnoses  are  arranged  in  Table  2. 


The   clinical 


EXPERIMENTAL     RESULTS 

The  results  of  the  determinations  are  given  in  Tables  3  to  8,  and 
for  comparison  the  average  figures  for  each  group  are  arranged  in 
Table  7.  In  the  cases  with  normal  blood  metabolite  concentration,  the 
sugar  content  of  the  ascitic  transudates  averaged  96.47  per  cent, 
of  the  blood  sugar,  with  a  minimum  of  51  per  cent,  and  a  maximum 
of  112  per  cent.  In  the  same  cases  the  average  ascitic  urea  nitrogen 
was  95.90  per  cent,  of  the  blood  urea  nitrogen,  with  a  minimum  of  60 
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per  cent,  and  a  maximum  of  180  per  cent.  In  this  group  the  percentage 
of  creatinin  averaged  somewhat  less,  from  67.31  per  cent.,  with  a 
minimum  of  30  per  cent,  and  a  maximum  of  91  per  cent,  of  the  blood 
creatinin.  The  averages  for  the  corresponding  group  of  thoracic  transu- 
dates, in  cases  with  normal  blood  metabolites,  was  quite  similar.    In  this 


TABLE  3. — Group  I.     A.  Ascitic  and  Thoracic  Tr,\nsudates  with  Normal 
Blood  Metabolite  Concextratioxs 


Sugar 

Urea  Xitrogen 

Creatinin 

Case 
No. 

Fluid 

Diagnosis 

Blood 

Fluid 

Par 

Blood 

Fluid 

Per 

Blood 

Fluid 

Per 

Cent. 

Cent. 

Cent. 

1 

Ascitic 

Carcinomatosis 

O.096 

0.102 

106.25 

1.844 

1.600 

86.00 

2 

Ascitic 

Carcinomatosis 

O.IW 

O.OSO 

76.90 

17.85 

14.00 

78.00 

1.416 

0.435 

30.00 

3 

Ascitic 

Hepatic  cir- 
rhosis 

1.700 

1.250  ;  73.00 

4 

Ascitic 

Hepatic  cir- 
rliosis 

0.086 

0.071 

82.50 

14.00 

9.10 

65.00 

1.790 

1.610 

91.00 

5 

Ascitic 

Hepatic  cir- 
rhosis 

0.093 

0.095 

102.00 

17.85 

14.35 

79.00 

1.950 

1.540 

78.00 

6 

Ascitic 

Hepatic  cir- 
rhosis 

0.114 

0.105 

92.00 

10.85 

12.60 

116.00 

1.820 

1.000 

54.92 

7 

Ascitic 

Hepatic  cir- 
rhosis 

0.109 

0.165 

60.00 

28.70 

28.00 

97.50 

2.000 

1.170 

58.50 

8 

Ascitic 

Hepatic  cir- 
rhosis 

0.123 

0.071 

51.00 

11.55 

20.90 

180.00 

1.807 

1.110 

61.00 

9 

Ascitic 

Gastric  car- 
cinoma 

O.IOO 

0.096 

96.00 

11.80     11.90 

100.00 

1.860 

1.570 

84.00 

10 

Ascitic 

Hydrocele 

0.102 

0.067 

85.00 

5.25       3.15 

60.00 

2,360 

1.500 

63.50 

11 

Ascitic 

Hepatic  cir- 

0.083 

0.093 

112.00  1     9.10 

7.14 

78.40 

1.180 

1.400 

77.70 

rhosis 

12 

Ascitic 

Hepatic  cir- 

0.081 

0.088 

108.00 

8.65 

8.05     92.80 

1.280 

1.200 

81.00 

rhosis 

1 

13 

Ascitic 
Ascitic 

Chronic    ne- 
phritis 

O.IOO 

0.096 

96.00 

23.00  I  23.10    lOO.OO 

2.250 

1.760 

78.20 

Av. 

0.099 

0.096     96.47 

14.43       1S.»4      95.90 

1.958 

1.318 

67.31 

1 

Thoracic 

Chronic   ne- 

0.133 

0.138 

103.76 

18.88 

21.68  1114.30 

2.770 

2.380 

85.90 

phritis 

2 

Thoracic 

Aneurysm  of 
arch 

0.098 

0.079 

80.60 

14.00 

13.65 

97.50 

2.110 

1.310 

62.56 

3 

Thoracic 

Chronic   ne- 
phritis 

0.100 

0.086 

86.00 

23.00 

2.250 

1.730 

76.80 

4 

Thoracic 

Chronic   ne- 

0.100 

0.088 

88.00 

23.00 

23.80 

100.30 

2.250 

1.790 

79.40 

phritis 

5 

Thoracic 

Myocardie  de- 

0.112 

0.091 

81.20 

15.05 

8.40  1  55.70 

1.630 

1.110     66.60 

generation 

6 

Thoracic 

Myocardic  de- 
generation 

0.094 

0.082 

87.20 

14.00 

5.25 

37.50 

1.760 

1.320 

75.00 

7 

Thoracic 
Thoracic 

Chronic   ne- 
phritis 

0.133 

0.127     95.48 

18.88 

18.60 

98.64 

2.770 

2.307 

84.00 

Av. 

0.110 

0.099  '  90.00 

18.11 

15.23 

84.09 

2.220 

1.707 

76.89 

Average.. . . 

0.104 

0.098  1  94.23 

16.27 

13.30 

89.30 

2.089 

1.512 

72.38 

group  the  average  sugar  content  of  the  fluid  was  90  per  cent.,  with  a 
minimum  of  80.6  per  cent,  and  a  maximum  of  103.76  per  cent.  The 
urea  nitrogen  averaged  84.09  per  cent.,  with  a  minimum  of  37.5  per 
cent,  and  a  maximum  of  114.3  per  cent,  of  the  blood  urea  nitrogen. 
The  creatinin  averaged  76.89  per  cent,  with  a  minimum  of  62.56  per 
cent,  and  a  maximum  of  85.9  per  cent.  fTable  3). 
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The  corresponding  exudates  showed  slightly  lower  percentages  than 
the  transudates.  The  sugar  content  of  the  ascitic  transudates  with 
normal  blood  metabolites  averaged  75.55  per  cent.,  with  a  minimum  of 
59  per  cent,  and  a  maximum  of  98  per  cent.  The  urea  nitrogen 
averaged  70.02  per  cent.,  with  a  minimum  of  41  per  cent,  and  a  maxi- 
mum of  113  per  cent.  The  creatinin  averaged  48.8  per  cent.,  with  a 
minimum  of  35  per  cent,  'and  a  maximum  of  72  per  cent.  In  the 
corresponding  group  of  thoracic  exudates,  the  sugar  content  averaged 
79.32  per  cent.,  with  a  minimum  of  0  (case  of  acute  empyema),  and  a 
maximum  of  106.9  per  cent.    The  urea  nitrogen  in  this  group  averaged 


TABLE  4. — Group  I.     B.  Ascitic  .-^nd  Thoracic  Exudates  with  Norm.a.l 
Blood  Metabolite  Concentrations 


Case 
No. 

nuid 

Diagnosis 

Sugar 

Urea  Nitrogen 

Creatinin 

Blood 

Fluid 

Per 

Blood  1  Fluid 

Per 

Blood 

Fluid 

Per 

Cent. 

Cent. 

Cent. 

1 

Ascitic 

Tuberculous 
peritonitis 

0.114 

0.075 

65.00 

12.78 

5.33 

41.00 

2.000 

0.900 

45.00 

2 

Ascitic 

Tuberculous 
peritonitis 

0.126 

0.075 

59.00 

29.65 

14.89 

50.00 

2.550 

1.200 

47.00 

3 

Ascitic 

Polyserositis 

0.102 

0.084 

82.00 

23.55 

22.42 

95.00 

2.850 

1.000 

35.00 

4 

Ascitic 
Ascitic 

Acute    peri- 
tonitis 

0.108 

0.1C6 

98.00 

8.65 

9.80 

113.00 

2.080 

1.500 

72.00 

Av. 

0.113 

0.085 

75.55 

18.66 

13.11 

70.02 

2.370 

1.150 

48.80 

1 

Thoracic 

Empyema 

0.088 

0.000 

OO.OO 

2.000 

1.400 

70.00 

2 

Thoracic 

Tuberculous 
pleurisy 

0.083 

0.087 

104.80 

24.05 

22.05 

91.69 

1.740 

1.730 

99.90 

3 

Thoracic 

Tuberculous 
pleurisy 

0.098 

0.102 

104.10 

28.70 

21.30 

73.17 

2.500 

2.050 

82.00 

4 

Thoracic 

Tuberculous 
pleurisy 

0.095 

0.097 

102.20 

12.60 

13.60 

104.00 

2.110 

1.780 

84.32 

5 

Thoracic 

Tuberculous 
pleurisy 

0.101 

0.108 

106.90 

22.20 

18.20 

81.90 

1.880 

1.760 

93.61 

6 

Thoracic 

Empyema, 
lues 

0.160 

0.096 

60.00 

13.30 

10.15 

76.31 

2.330 

1.60O 

69.53 

7 

Pericar- 
dial 

Thoracic 

Acute     peri- 
carditis 

O.IOO 

0.086 

86.00 

14.00 

12.46 

89.00 

aooo 

1.410 

70.50 

At. 

0.103 

0.082 

79.32 

19.14 

16.29 

86.01 

2.066 

1.621 

78  41 

Average 

0.108 

0.0S3 

77.93 

18.90 

14.70 

78.01 

2.212 

1.385 

62.16 

86.01  per  cent.,  with  a  minimum  of  73.17  per  cent,  and  a  maximum  of 
100  per  cent.  The  creatinin  figures  averaged  78.41  per  cent.,  with 
a  minimum  of  69.53  per  cent,  and  a  maximum  of  99.9  per  cent. 
(Table  4). 

The  cerebrospinal  fluids  in  cases  with  normal  blood  metabolite 
concentration  show  consistently  lower  percentages  of  metabolites.  The 
figures  for  the  normal  and  pathologic  fluids  yield  remarkably  similar 
figures.  The  spinal  fluid  sugars  averaged  60.21  per  cent.,  with  a  mini- 
mum of  40.1  per  cent,  and  a  maximum  of  89.6  per  cent.  In  the  same 
group  the  spinal  fluid  urea  nitrogen  averaged  66.5  per  cent.,  with  a 
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minimum  of  39.9  per  cent,  and  a  maximum  of  140  per  cent.  The 
creatinin  averaged  59.8  per  cent.,  with  a  minimum  of  22,03  per  cent, 
and  a  maximum  of  90  per  cent.  (Table  5). 

Although    the    bloods    from    the    group    of    cases    with    increased 
metabolite  concentration  show  a  decided  rise  above  the  normal  blood 


TABLE   5.  —  Group   III.     Normal   and    Pathologica-l   Cerebrospinal   Fluids 
WITH   Normal  Blood  Metabolite  Concentrations 


Case 
No. 

Fluid 

Diagnosis 

Sugar 

Urea  Nitrogen 

Creatinin 

Blood 

Fluid 

Per 
Cent. 

Blood 

Fluid 

Per 
Cent. 

Blood 

Fluid 

Per 
Cent. 

4 
5 
6 

7 

Av. 

Normal 
Normal 
Normal 

Normal 
Normal 
Normal 
Normal 

Normal 

Cholecystitis 
Neurasthenia 
Gastric  car- 
cinoma 
Cirrhosis 
Hysteria 
Dementia  praecox 
Normal 

o.ioe 

0.092 
0.080 

0.074 
0.087 
0.097 
0.073 

0.055 
0.063 
0.037 

0.055 
0.052 
O.064 

53.93 
68.48 
46.45 

74.32 
60.00 
66.00 

12.60 
13.65 


'g.'so 

10.85 

4.65 
8.60 

's.'so 

7.0O 

39.90 
63.00 

84!56 
64.00 

1.148 
0.968 
1.800 

2.340 
1.807 
1.720 

2.0OO 

0.253 
0.343 
1.30O 

1.360 
1.310 
1.210 
1.20O 

22.03 
35.33 
73.33 

58.12 
71.80 
70.30 
60.00 

0.086 

0.054  !  61.53 

11.73 

7.16 

61.00 

1.683 

0.997 

59.20 

1 
2 
3 
4 
5 
6 
7 
8 

Av. 

Path. 
Path. 
Path. 
Path. 
Path. 
Path. 
Path. 
Path. 

Path. 

Neurosyphilis 
General  paresis 
Tabes  dorsalis 
Enceph.  letharg. 
General  paresis 
General  paresis 
Tabes  dorsalis 
Tabes  dorsalis 

0.10-2 
0.166 
0.10*2 
0.125 
0.093 
0.105 
0.155 
O.0O7 

0.041 
0.0S4 
0.050 
0.074 
0.050 
0.060 
0.139 
0.055 

40.10 
50.60 
49.00 
59.30 
53.76 
57.14 
89.60 
56.50 

18.80 
20.30 

ii!26 

13.48 
19.90 

7.77 

9.80 
9.80 

7.64 

16.80 

4.90 

51.60 
4S.27 

i4a66 

56.60 
84.42 
63.69 

1.820 
2.000 
0.960 
1.416 
1.500 
l.OOO 
1.870 
1.780 

1.200 
1.470 
0.880 
0.343 
0.340 
0.900 
1.310 
1.030 

66.00 
73.50 
71.66 
24.18 
22.80 
90.00 
70.00 
59.90 

0.118 

0.069 

58.90 

15.24 

10.77 

70.60 

1.543 

0.935 

60.60 

Average 

0.102 

0.063 

60.21 

13.48 

8.96 

66.50 

1.613 

0.965 

59.80 

TAB 
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ENTR.A 

ANSUr 
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ATES    WITH 

Increased 

Case 
No. 

Fluid 

Diagnosis 

Sugar 

Urea  Nitrogen 

Creatinin 

Blood 

Fluid 

Per 
Cent. 

Blood 

Fluid 

Per 
Cent. 

Blood 

Fluid 

Per 
Cent. 

1 

Ascitic 

Chronic    ne- 
phritis 

0.325 

0.259 

76.00 

84.20 

96.00 

114.00 

2.88 

2.45. 

85.00 

1 
2 
3 

Av. 

Thoracic 
Thoracic 
Thoracic 

Thoracic 

Chronic    ne- 
phritis 

Chronic   ne- 
phritis 

Chronic   ne- 
phritis 

0.107 
0.325 
0.325 

0.152 
0.308 
0.294 

111.80 
91.69 
90.46 

84.20 
84.20 

93.00 
97.00 

110.45 
115.20 

4.22 

2.88 
2.88 

3.98 
2.61 
2.50 

94.31 
90.62 
86.11 

0.252 

0.251 

99.70 

84.20 

95.00 

112.00 

3.33 

3.03 

91.10 

Average 

0.288 

0.255 

88.30 

84.20 

95.50 

113.00 

3.10 

2.74 

88.20 

values,  the  relative  concentration  of  the  metabolites  in  the  fluids 
remains  much  the  same  as  in  the  cases  without  retention.  This  indi- 
cates a  corresponding  increase  in  the  metabolite  content  of  the  fluids. 
The  average  sugar  content  of  the  efifusions  with  increased  blood 
metabolites  was  88.3  per  cent,  as  compared  with  90  per  cent,  in  the 
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cases  without  retention.  The  urea  nitrogen  averaged  113  per  cent., 
as  compared  with  89.3  per  cent,  and  the  creatinin  88.2  per  cent.,  as 
compared  with  76.89  per  cent,  in  the  normal  group  (Table  6). 

Similarly,  where  the  blood  metabolites  are  increased,  the  cerebro- 
spinal fluids  show  a  corresponding  increase,  so  that  the  percentage  con- 
centration remains  approximately  the  same  as  in  the  group  without 
retention.  This  is  exclusive  of  a  case  of  acute  meningitis  in  which  no 
spinal  fluid  sugar  was  present.  In  this  group  the  average  sugar  content 
was  27.7  per  cent.,  with  a  minimum  of  0  and  a  maximum  of  98.7  per 
cent.  The  urea  nitrogen  averaged  49.8  per  cent.,  with'  a  minimum  of 
45.9  per  cent,  and  a  maximum  of  107.9  per  cent.  The  creatinin  73.57 
per  cent.,  with  a  minimum  of  39.74  per  cent,  and  a  maximum  of  102.6 
per  cent.  (Table  7). 

The  most  significant  point  shown  by  the  data  summarized  in  Table  8 
is  the  relative  uniformity  of  the  findings  in  the  various  groups.     In 


TABLE    7. — Group    IV.      Normal    axd    Pathological    Cerebrospin.\l    Fluids 
WITH  Increased  Blood  Metabolite  Concentrations 


Case 
No. 

Fluid 

Diagnosis 

Sugar 

Urea  Nitrogen 

Creatinin 

Blood 

Fluid 

Per    Blood!  Fluid 
Cent.              ! 

Per 
Cent. 

Blood 

Fluid 

Per 
Cent. 

1 
2 
3 
4 

Normal 
Normal 
Normal 
Normal 

Normal 

Hysteria 

Nephritis,  tabes 

Alcoholism 

Uremia 

0.105 
0.099 
0.n2 
0.165 

0.069 
0.046 
0.091 
0.083 

65.71  1  27.93  ;  12.78 
44.66  1  28.70  '  30.80 
80.80     46.80  1  49.70 
98.70  1   

45.90 
107.90 
106.00 

3.90 
2.21 

9.74 

1.35 
1.64 

9.99 

39.74 
74.40 

102.60 

Av. 

0.120 

0.072 

60.00     50.53     31.09 

61  10 

5.28 

4  ''6 

sn  fio 

1 

Path. 

Cerebrospinal 

meningitis,  tabes, 

nephritis 

0.140 

0.000 

OO.OO  '107.00     45.6 

42.61 

3.0 

2.11  1  70.33 

Average 



0.130 

0.036 

27.70     78.76 

38.34 

49.80 

4.14 

2.073    73.57 

general,  the  concentration  of  sugar,  urea  nitrogen  and  creatinin  in  the 
fluids  of  all  the  groups  tends  to  approximate  80  per  cent,  of  their 
respective  concentration  in  the  blood.  The  spinal  fluids  are  consistently 
lower  than  the  effusions,  approximating  60  per  cent,  of  the  blood 
figures.  The  concentration  of  creatinin  in  all  the  fluids  tends  to 
remain  relatively  lower  than  the  other  metabolites  in  comparison  with 
their  respective  blood  values. 

Of  special  interest  is  the  fact  that  in  Groups  II  and  IV,  in  which 
the  blood  metabolites  are  increased,  the  percentage  of  metabolites  in  the 
fluids  in  relation  to  the  blood  is  approximately  the  same  as  in  the  cases 
with  normal  metabolite  levels.  This  indicates  a  definite  tendency  toward 
equilibrium  in  the  distribution  of  metabolites  between  the  blood  and 
fluids.  This  parallelism  is  well  illustrated  in  Chart  I,  which  shows  the 
findings  from  a  case  of  chronic  nephritis,  with  ascites  and  bilateral 
hydrothorax.      On   admission   the   patient's   blood    urea    nitrogen   was 
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87.2  mg.  per  hundred  cubic  centimeters,  with  urea  nitrogen  values 
for  the  pleural  effusions  and  ascitic  fluid  of  93,  97  and  96  mg.  per 
hundred  cubic  centimeters,  respectively.  Five  weeks  later,  under 
dietary  treatment  and  rest  in  bed,  the  blood  urea  nitrogen  had  dropped 
to  23  mg.,  the  right  pleural  eft'usion  to  23.8  mg.,  the  left  pleural  efifusion 
to  23.8  mg.,  and  the  ascitic  fluid  to  23.1  mg.  per  hundred  cubic  centi- 
meters, respectively.  In  another  live  weeks  the  blood  urea  had  fallen  to 
18.8  mg.,  wnth  corresponding  drops  to  21.68,  18.60  and  19  mg.  per 
hundred  cubic  centimeters,  respectively,  in  the  three  fluids.  The 
creatinin  and  sugar  values  show  equally  consistent  decreases  in  the 
blood  and  three  fluids.  Although  at  the  time  of  the  first  estimations 
five  liters  of  fluid  were  removed,  and  five  and  a  half  liters  at  the  time 

TABLE    8. — Summary    of    Results.      Average    Relative    Concextratiox    of 
Metabolites  in  the  Blood  and  Various  Body  Fluids 


Clas 

siflcation  of  Fluids 

Metabolite  Determinations 

Blood 
Metabo- 
lites 

No. 
Cases 

Source 

Type 

Sugar             '      Urea  Nitrogen      '          Creatinin 

Blood 

Fluid 

Per    Blood 
Cent.*' 

Fluid 

Per    Blood 

Cent.*! 

Fiuld 

Per 
Cent.* 

Group  I 
Normal 

13 
4 

Ascitic 
Thoracic 

Ascitic 
Thoracic 

Trans. 
Trans. 

Exud. 
Exud. 

O.099 
0.110 

0.113 
0.103 

0.096 
0.099 

0.085 
0.082 

96.47  t  14.13 
90.00  ;  18.11 

75..55  '  18.86 
79.32     19.14 

13.84 
15.23 

13.11 
16.29 

95.90  1  1.958 

84.09  2.220 

70.02  i  2.370 

85.10  2.066 

1.378 
1.707 

1.1,50 
1.621 

67.31 
76.89 

48.80 

78.41 

Group  II 
Increased 

1 
3 

Ascitic 
Thoracic 

Trans. 
Trans. 

0.325 
0.252 

0.259 

0.251 

76.00     84.20 
99.70  1  84.20 

96.00 
95.00 

114.00 
112.00 

2.880 
3.326 

2.450 
3.030 

85.00 
91.10 

Group  III 
Normal 

7 
8 

C.  S.  Fl. 
C.  S.  Fl. 

Normal 
Path. 

0.086 
0.118 

0.054 
0.069 

62.79  11.73 

58.80  15.24 

7.16 
10.77 

61.00  I  1.638 
70.60  1  1.543 

0.996 
0.935 

59.20 
60.60 

Group  IV 
Increased 

4 

1 

C.  S.  Fl. 
C.  S.  Fl. 

Normal 
Path. 

0.120 
0.140 

0.072 
0.000 

60.00     50.53 
00.00  107.00 

31.09 

45.(30 

61.10     5.280 
42.60     3.000 

4.260 
2.110 

80.69 
70.33 

Total 

55 

1 

1.                         1 

Sugar  in  per  cent,  urea  nitrogen  and  creatinin  in  milligrams  per  ICO  c.c. 

Concentration  in  fluid 
*  Per  Cent.  = x  lOO. 

Concentration  in  blood 

of  the  second  determination,  the  metabolite  concentration  in  all  the 
fluids  continued  to  fall.  The  reaccumulation  of  effusions  appears  to 
bear  no  relationship  to  changes  in  the  retention  of  these  metabolites. 

No   relation  between  the  metabolite  figures   in  the   fluids  and  the 
clinical  diagnoses  w^as  apparent. 


DISCUSSION 


As  previously  mentioned,  there  are  two  other  methods  for  studying 
the  distribution  of  metabolites  in  the  body.  Postmortem  analysis  of  the 
urea  content  of  various  tissues  was  first  employed  by  Schoendorf  ^'''  in 
1899.     In  a  well  fed  dog  he  found  that  the  liver,  spleen,  pancreas  and 
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brain  contained  approximately  the  same  concentration  of  urea  as  the 
blood  (from  0.1115  to  0.1228  per  cent.),  while  the  heart  contained 
slightly  more  and  the  muscle  slightly  less.  Marshall  and  Davis  ^^  criti- 
cized these  findings  as  being  too  high  for  the  blood,  and  probably  even 
less  correct  for  the  tissues.  They  introduced  the  more  accurate  urease 
method  of  urea  estimation,  and  studied  the  urea  content  of  normal  dogs' 
tissues,  postmortem.  They  found  that  the  percentage  of  urea  was  prac- 
tically constant  throughout  the  body,  except  the  urinary  tract,  averaging 
from  28  to  30  mg.  per  hundred  grams.  Similar  results  were  obtained  in 
postmortem  analyses  of  various  human  organs.  By  killing  dogs  soon 
after- the  ingestion  of  urea  per  os,  they  were  also  able  to  show  that  it 
diffused  very  rapidly  into  all  the  tissues,  and  whether  the  urea  concen- 
tration in  the  body  was  normal  or  increased,  it  was  distributed  with 
remarkable  uniformity  throughout  the  various  tissues.  In  similar 
experiments,  Foster  and  Davis  ^'^  found  that  the  amounts  of  retained 
nitrogen  could  not  be  accounted  for  by  the  total  nonprotein  nitrogen 
of  the  total  blood  of  the  body.  Postmortem  analyses  of  the  tissues 
led  them  to  conclude  that  more  of  the  nitrogenous  metabolites  are 
retained  in  the  tissues  than  in  the  blood.  Becker  ^^  studied  the  total 
nonprotein  nitrogen  in  nephrectomized  dogs.  The  relatively  greatest 
increase  was  in  the  blood,  but  the  absolutely  greatest  increase  was  in  the 
muscles.  The  increase  in  the  other  organs  was  slight  in  comparison 
with  the  musculature.  He  found  a  much  closer  agreement  between 
the  urea  nitrogen  of  the  tissues  and  blood  than  in  the  total  nonprotein 
nitrogen.  Becker  also  showed  that  the  increase  in  total  nonprotein 
nitrogen  in  the  various  tissues  of  dead  bodies  was  related  to  their 
respective  total  nitrogen  content,  with  a  fairly  constant  nonprotein 
nitrogen :  total  nitrogen  ration  of  1:10.  Becker  states  that  postmortem 
analyses  of  blood  nitrogen  are  more  nearly  comparable  to  postmortem 
tissue  analyses  than  blood  analyses  obtained  antemortem. 

Rosenberg  -°  estimated  the  metabolites  in  the  blood  and  thigh 
muscle  of  nine  normal  men,  eleven  chronic  nephritics  and  seven  acute 
nephritics.  The  blood  was  taken  either  just  before  or  immediately  after 
death,  and  the  thigh  muscle  as  soon  as  possible  postmortem.  He 
extracted  the  musculature  with  trichloracetic  acid,  and  determined  the 
total   rest   nitrogen   by   Kjeldahl's   method,   urea   by   the   hypobromite 


17.  Marshall  and  Davis:    J.  Biol.  Chem.  18:53.  1914. 

18.  Foster  and  Davis-:    Proc.  Soc.  Exper.  Biol.  &  Med.  8:33,  1915. 

19.  Becker:  Deutsch.  Arch.  f.  klin.  Med.  128:1.  261.  1918,  ibid.  129:1.  8. 
ibid.  134:325,  1920,  ibid.  135:331,  1920.  Becker  and  Strauss:  Zentralbl.  f.  Inn. 
Med.  42:345,  1921. 

20.  Rosenberg:  Arch.  f.  exper.  Path.  u.  Pharmakol.  86:1,  1920,  ibid.  87:86, 
1920.  ibid.  87:153,  1920. 
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method,  creatinin  by  Folin's  method,  and  indican  by  the  method  of 
Jolles.  Rosenberg's  average  figures  for  normal  blood  and  muscle  are 
as  follows : 

Blood  Muscle 

Rest  nitrogen 0.025     per  100  c.c 0.307      per  100  gm. 

Urea  nitrogen 0.020     per  100  c.c 0.232      per  100  gm. 

Creatinin  0.0015  per  100  c.c 0.00355  per  100  gm. 

In  two  cases  in  which  the  normal  musculature  of  the  thigh  was 
obtained  at  amputations  for  disease  below  the  knee,  and  analyzed 
immediately,  the  results  were  virtually  identical  with  those  for  muscle 
analyzed  postmortem.  Although  the  hypobromite  method  which  he  used 
gives  figures  for  urea  nitrogen  approximately  twice  those  obtained  by 
the  urease  method,*  it  is  difficult  to  reconcile  Rosenberg's  figures  of  232 
mg.  per  100  gm.  for  the  urea  content  of  normal  musculature  with  Mar- 
shall and  Davis  of  from  28  to  30  mg.  per  100  gm.  On  the  other  hand, 
the  proportion  of  rest  nitrogen  made  up  of  urea  nitrogen  in  Rosenberg's 
figures  is  about  that  generally  accepted  as  normal.  His  figures  for 
normal  blood  metabolites,  also,  are  within  the  generally  accepted  limits. 
Rosenberg  found  similiar  values  for  the  musculature  of  rabbits. 

From  a  comparison  of  the  blood  chemistry  and  the  postmortem 
muscle  analyses  Rosenberg  concludes : 

In  uremia  the  muscle  rest  nitrogen  begins  to  increase  when  the  blood  level 
rises  above  170  mg.  per  hundred  cubic  centimeters.  There  is  no  difference 
between  acute  and  chronic  cases.  .  .  .  It  is  probable  that  there  is  a  recipro- 
cal relation  between  the  blood  and  tissues  and  not,  as  von  Monakow  "*  thought, 
that  the  tissues  fill  with  metabolites  and  then  overflow  into  the  blood.  .  .  . 
In  the  muscles  of  chronic  nephritics  it  is  found  not  only  that  the  urea  nitrogen 
increases  to  a  relatively  higher  degree  than  the  other  nonprotein  nitrogenous 
metabolites,  but  that  these  may  even  diminish,  possibly  through  the  conversion 
of  amino-acids  into  urea.  .  .  .  The  muscle  urea  shows  an  increase  when 
the  blood  urea  rises  above  150  mg.  per  hundred  cubic  centimeters.  ...  In 
all  cases  showing  increased  muscle  urea  the  absolute  increase  of  urea  in  the 
blood  was  considerably  less  than  in  the  musculature.  .  .  .  The  muscle 
creatinin  increase  was  inconstant,  and  occurred  only  with  severe  creatininemia. 

According  to  Rosenberg,  then,  normal  muscle  v^ilues  for  the  rest 
nitrogen  and  urea  are  over  ten  times  their  concentration  in  the  blood, 
and  are  not  increased  until  the  blood  level  rises  above  approximately 
two  thirds  of  the  normal  muscle  concentration.  Retention  of  urea  in 
the  musculature  occurs  earlier  than  the  other  metabolites  and  its  dis- 
proportionate increase  in  the  muscles  is  probably  due  to  the  conversion 
of  other  nonprotein  metabolites  into  urea. 

Weiss  and  Vaughn  ^^  recently  reported  a  case  of  severe  nephritis  in 
which  the  blood  urea  twelve  hours  before  death  was  304  mg.,  and  the 
nonprotein   nitrogen   401    mg.   per  hundred   cubic   centimeters.     Post- 


21.  Weiss  and  Vaughn:    J.  Lab.  &  Clin.  Med.  7:229,  1921. 
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mortem,  the  pericardial  fluid  contained  374  mg.  of  urea  nitrogen,  the 
muscle  352  mg.,  and  the  liver  335  mg.  per  hundred  grams,  respectively. 
Their  technic  is  not  given,  but  the  results  show  a  close  approximation 
of  the  urea  content  of  the  blood,  fluid  and  tissues.  Andresen  ^-  reports 
an  equal  distribution  of  urea,  between  the  blood,  organs  and  secretions, 
with  the  exception  of  tears  and  sweat,  where  a  value  three  times  that 
of  the  blood  was  found. 

With  the  exception  of  Rosenberg,  all  of  these  investigators  appear 
in  fair  agreement  in  regard  to  the  uniform  distribution  of  urea.  He 
diverges  considerably  in  regard  to  the  urea  value  for  normal  muscula- 
ture, but  agrees  with  the  others  that  the  urea  accounts  for  most  of  the 
nonprotein  nitrogen  retention  in  the  body. 

The  distribution  of  ingested  nitrogen  was  first  studied  by  Soetbeer  -^ 
in  1909.  Four  and  one-half  hours  after  a  heavy  meal  of  meat  he  found 
the  total  nitrogen  in  a  dog's  blood  had  increased  132  per  cent.,  in  the 
liver  41  per  cent.,  and  in  the  brain  and  muscles  only  5  or  6  per  cent. 
Seventy-two  hours  after  nephrectomy,  the  total  nitrogen  in  a  dog's 
blood  had  increased  873  per  cent.,  in  the  liver  144  per  cent.,  in  the 
brain  40  per  cent.,  and  in  the  muscles  only  35  per  cent.  This  would 
indicate  a  heaping  up  of  the  retained  nitrogen  in  the  blood  before  its 
accumulation  in  the  tissues. 

Von  Monakow  -*  showed  that  after  a  single  ingestion  of  20  gm. 
urea  per  os,  in  normal  men,  the  blood  urea  rose  in  fifteen  minutes  and 
reached  its  peak  in  two  hours,  remaining  slightly  increased  at  twenty- 
four  hours  and  returning  to  normal  on  the  second  day.  .  If  one  day 
after  the  first  ingestion,  a  second  20  gm.  was  given,  the  blood  urea 
level  still  returned  to  normal  within  two  days.  In  other  words,  it  was 
impossible  to  raise  the  blood  level  by  repeated  small  doses  of  urea 
per  OS.  \'on  Monakow  assumes  that  most  of  the  ingested  urea  passes 
into  the  tissues. 

Lichtwitz  ^^  repeated  these  experiments,  controlling  them  with 
simultaneous  estimations  of  nitrogen  elimination  in  the  urine.  After 
the  ingestion  of  20  gm.  urea  per  os,  he  found  widely  varj-'ing  per- 
centages of  the  retained  urea  in  the  blood.  He  concludes  that  the  rest 
nitrogen  is  very  unequally  divided  between  the  blood  and  other  organs, 
and  that  it  need  not  be  increased  in  the  blood,  although  the  amount  of 
nitrogen  eliminated  indicates  a  definite  nitrogen  retention. 

Nonnenbruch  '-  has  recently  repeated  similar  experiments  on  urea 
ingestion,  retention,  and  elimination.     He  finds  that  the  variations  in 


22.  Andresen:    Biochem.  Ztschr.  116:266..   1921. 
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24.  Von   Monakow:    Deutsch.  Arch.   f.   klin.   Med.    115:47,  224.    1914;    ibid. 
116:1,  1914. 

25.  Lichtwitz:    Klinische  Chemie,  1918. 

26.  Nonnenbruch:    Arch.  f.  exper.  Path.  u.  Pharmakol.  89:200,  1921. 
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blood  urea  nitrogen  following  the  oral  ingestion  of  20  gm.  urea,  do  not 
parallel  its  elimination.  For  the  most  part  the  nonprotein  nitrogen  of 
the  blood  does  not  increase  sufficiently  to  account  for  the  urea  ingested 
and  falls  much  more  rapidly  than  it  is  eliminated  in  the  urine.  In 
some  cases,  blood  urea  nitrogen  was  still  increased  after  the  ingested 
urea  had  all  passed  out  through  the  kidneys.  Several  cases  showed 
two  peaks  and  two  troughs  in  the  blood  rest  nitrogen  curves.  On  the 
basis  of  these  findings,  Nonnenbruch  concludes  that  there  is  a  marked 
difference  of  distribution  between  the  blood  and  other  tissues ;  that  a 
normal  blood  rest  nitrogen  does  not  indicate  the  absence  of  nitrogen 
retention,  nor,  on  the  contrary,  does  an  increased  blood  nitrogen  indicate 
nitrogen  retention  in  the  tissues.  He  thinks  that  immediately  after  its 
ingestion  urea  is  carried  to  the  tissues  and  afterward  returned  to  the 
kidneys  for  elimination. 

SUMMARY 

Although  the  studies  with  ingested  urea  indicate  that  during  the 
period  of  its  elimination  there  is  no  constant  parallelism  in  the  concen- 
tration of  nitrogenous  metabolites  of  the  blood  and  tissues,  both  the  esti- 
mation of  the  body  fluid  metabolites  and  the  comparison  of  metabolites 
in  the  blood  and  tissues,  strongly  suggest  a  tendency  to  equilibrium 
throughout  the  organism.  This  does  not  necessarily  mean  that  a  normal 
concentration  of  metabolites  in  the  tissues  approximates  that  in  the 
blood,  but  that  the  metabolites  are  distributed  between  them  in  a  fairly 
constant  proportion,  and  that  an  increase  in  one  is  paralleled  by  a  pro- 
portionate increase  in  the  other.  No  account,  of  course,  is  taken  here  of 
any  but  the  simple  metabolites  ;  available  sugar  in  the  form  of  glycogen, 
or  available  rest  nitrogen,  urea  nitrogen,  creatinin  or  uric  acid  in  more 
complex  chemical  forms,  are  incalculable  factors.  The  distribution  of 
creatinin  and  sugar  throughout  the  body  is  for  the  most  part  unknown. 

The  distribution  of  metabolites  between  the  blood  and  all  the  body 
fluids  is  fairly  consistent.  For  clinical  purposes,  it  appears  justifiable 
to  deduce  from  the  concentration  of  metabolites  in  the  blood,  an 
approximately  proportional  concentration  throughout  the  whole  body. 
Nevertheless,  until  the  distribution  of  metabolites  for  all  the  tissues  is 
quantitatively  determined,  it  will  remain  impossible  to  deduce  accurately 
from  the  blood  chemistry  alone  the  degree  of  retention  in  the 
whole  body. 

CONCLUSIONS 

1.  In  cases  in  which  the  blood  metabolite  level  was  not  increased 
above  normal,  the  concentration  of  sugar  in  serous  effusions  averaged 
83.42  per  cent,  of  the  sugar  concentration  in  the  blood.  The  urea 
nitrogen  averaged  80.08  per  cent.,  and  the  creatinin  67.28  per  cent. 
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2.  No  characteristic  diilerence  in  the  metaboHte  concentration  of 
exudates  and  transudates  was  observed. 

3.  In  cases  in  which  the  blood  metabolite  level  was  normal,  the 
average  concentration  of  sugar  in  the  spinal  fluid  was  44.24  per  cent, 
of  the  blood  sugar.  Urea  nitrogen  averaged  58.15  per  cent.,  and 
creatinin  68.3  per  cent. 

4.  Except  for  the  absence  of  sugar  in  acute  meningitis,  no  differ- 
ence was  present  between  normal  and  pathologic  spinal  fluids. 

5.  In  cases  in  which  the  blood  metabolite  level  was  increased,  the 
metabolite  concentration  in  the  fluids  varied  pari  passu  with  the  changes 
in  the  blood. 

Thanks  are  due  to  Drs.  S.  Marx  White  and  George  Fahr  for  their  kind 
permission  to  study  cases  in  the  University  Hospital,  and  to  Dr.  Henry  L. 
Ulrich  for  the  use  of  several  private  cases,  and  cases  in  the  Minneapolis  Gen- 
eral Hospital. 


QUINIDIN     IN     AURICULAR    FIBRILLATION 

WITH     SOME     OBSERVATIONS     ON     ITS     USE     IN 
COMBINATION     WITH     DIGITALIS  * 

T.     STUART     HART 

NEW    YORK 

One  of  the  most  spectacular  medical  discoveries  of  recent  years  is 
the  effect  which  alkaloids  of  cinchona  have  on  certain  hearts  presenting 
the  phenomenon  of  auricular  fibrillation. 

Quinin  has  been  used  for  many  years  as  a  heart  sedative,  but  its 
use  specifically  in  auricular  fibrillation  dates  from  a  report  of  two  cases 
published  in  1914  by  Wenckebach  ^  in  which  its  administration  resulted 
in  the  restitution  of  sinus  rhythm. 

As  a  result  of  his  studies  of  the  efifect  of  various  alkaloids  of 
cinchona  on  patients  suffering  from  auricular  fibrillation,  Frey  ^  came 
to  the  conclusion  that  quinidin  was  the  least  toxic  and  the  most  potent 
of  these  derivations,  and  because  of  its  better  solubility  he  advised  the 
use  of  the  sulphate  instead  of  the  pure  alkaloid. 

Since  Frey's  paper  in  1918  there  have  appeared  in  the  literature 
the  reports  of  more  than  300  cases  of  auricular  fibrillation  treated  with 
quinidin.  In  about  one  half  of  these  its  administration  has  been  fol- 
lowed by  a  resumption  of  normal  rhythm  which  has  persisted  for 
periods  varying  from  a  few  hours  to  several  months. 

We  have  as  yet  little  accurate  knowledge  of  the  exact  manner  in 
which  quinidin  accomplishes  its  results,  its  optimum  dose,  the  intervals 
at  which  it  is  best  administered,  its  rate  of  elimination  and  its  dangers. 
We  know  little  of  the  type  of  case  in  which  the  normal  rhythm  is  likely 
to  be  restored  and  the  value  of  the  resumption  of  control  by  the  normal 
pacemaker  is  still  open  to  discussion.  The  advantages  and  disadvantages 
of  combining  the  administration  of  quinidin  with  other  drugs  has  been 
studied  but  little. 

It  is  only  by  accumulating  considerable  data  that  many  of  these 
questions  can  be  solved,  and  it  has,  therefore,  been  considered  worth 
while  to  place  on  record  the  clinical  observations  which  we  have  secured 
up  to  the  present  time,  notwithstanding  their  limited  number  and  rather 
fragmentary  character. 


*  From  the  Medical  Service  of  the  Presbyterian  Hospital. 

*  Read  before  the  Association  of  American  Physicians,  Washington,  D.  C, 
May  3,  1922. 

1.  Wenkebach :      Die     unregelmassige     Hertztatigkeit     imd     ihre     klinische 
Bedeutung,  Leipzig.  1914. 

2.  Frey:    Berl.  klin.  Wchnschr.  55:417,  451,  1918. 
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This  report  is  based  on  a  rather  careful  study  of  fifteen  persistent 
and  two  paroxysmal  cases  of  auricular  fibrillation.  These  were 
unselected  cases,  such  as  one  meets  in  the  medical  service  of  a  large 
general  hospital.  The  patients  were  observed  carefully,  were  subjected 
to  the  usual  routine  physical  and  laboratory  examinations  of  a  well 
ordered  medical  service,  and  were  studied  by  means  of  electrocardio- 
graphic records  taken  at   frequent  intervals. 

The  drug  employed  in  all  the  studies  has  been  the  sulphate  of 
quinidin,  administered  in  capsules,  each  containing  0.2  gm.  Our  routine 
has  been  to  give  two  preliminary  doses  of  0.2  gm.  each  allowing  twenty- 


TABLE   1. — C.vsES   ix   Which   the  Admixistratiox   of  Quixidin 
Was  Followed  by  Sinus  Rhythm 


Case 
No. 

Sex 

Ag& 

Clinical   Diagnosis 

Duration  of 

Fibrillation 

Before 

Quinidin 

Quinidin, 
Gm. 

Duration 

of 

Sinus 

Rhythm 

1 

M 

31 

Chronic    valvular    disease,    mitral 
stenosis,  mitral  insuflBeiency.  car- 
diac   insufficiency,     repeated    at- 
tacks of  rheumatism 

2  weeks 

2.8  in  3  days 
2.4  in  2  days 

10  weeks                                    1 
2  days 

8 

M 

72 

General     arteriosclerosis,      cardiac 
hypertrophy,  hypertension, 
chronic  nephritis 

9 

1.4  in  2  days 

12  days 

5 

F 

43 

Hyperthyroidism,        exophthalmic 
goiter,  ligation  of  superior  thy- 
roid artery 

3  years 

1.4  in  2  days 
1.8  in  2  days 
3.6  in  4  days 

24  hours 

48  hours 

0 

9 
15 

68 
24 

Chronic   nephritis,    cardiac   hyper- 
trophy, hypertension 

Chronic    valvular    disease,    mitral 
stenosis,  mitral  insufficiency,  car- 
diac hypertrophy,  cardiac  insuflS- 
ciency,  congenital  syphilis 

1  year 
18  weeks 

1.4  in  2  days 
0.4  in  5  hrs. 

1.1  in  40  hrs. 
0.6  in  24  hrs. 
1.0  in  24  hrs. 

7  months 

S5  mos.    stiJl 

X    continues 

6  weeks 

6  weeks 

? 

16 

F 

44 

Exophthalmic   goiter,    ligation   of 
superior  thyroid  artery,  paroxys- 
mal fibrillation 

1  year 

2.6  in  2  days 
1.2  in  1  day 
2.0  in  2  days 

48  hours 
72  hours 
40  hours 

17 

M 

68 

Chronic    myocarditis,    cardiac    in- 
sufiBciency,  paroxysmal  fibrillation 

5  years 

0.4  daily  for 
12  months 

\1   year   still 
I    continues 

four  hours  for  evidence  of  individual  susceptibility  to  develop.  After 
this,  0.4  gm.  was  given  after  eating  three  times  a  day  over  periods  of 
variable  length.  As  soon  as  a  sinus  rhythm  had  been  reestablished  the 
drug  was  immediately  discontinued.  Noteworthy  departures  from  this 
routine  will  be  mentioned  in  connection  with  the  description  of  special 
cases. 

Of  the  fifteen  patients  showing  persistent  auricular  fibrillation,  five 
recovered  a  normal  rhythm  after  the  administration  of  quinidin ;  in  all 
fibrillation  recurred  after  a  longer  or  shorter  period  (Table  3)  ;  in 
four  of  these  quinidin  was  given  again  and  in  each  instance  the  normal 
pacemaker  assumed  control  of  the  rhythm.     One  of  these  patients  still 
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maintains  a  normal  rhythm  after  an  interval  of  five  months;  in  the 
other  three  cases,  a  third  period  of  quinidin  was  effective  in  one  and 
ineft'ective  in  the  remaining  two  cases. 

Flutter,  as  a  transitional  mechanism  preceding  a  sinus  rhythm,  was 
recorded  in  two  cases.  In  three  other  cases  the  administration  of 
quinidin  was  followed  by  flutter  (one  case)  and  impure  flutter  (two 
cases)  but  in  these  cases  the  sinus  never  regained  its  control  as  a 
pacemaker. 

In  both  paroxysmal  cases,  sinus  rhythm  promptly  followed  small 
doses  of  quinidin.  In  Case  16  of  our  series  the  periods  of  sinus  rhythm 
were  so  brief  and  so  similar  to  those  of  the  control  period  during  which 
no  quinidin  was  given  that  our  observations  appeared  to  be  of  little 
or  no  value.  The  results  obtained  in  Case  17  were  more  striking  and 
will  be  referred  to  later  in  more  detail. 

In  our  experience,  if  quinidin  was  eft'ective  in  producing  sinus 
rhythm,  this  occurred  within  a  few  hours,  or,  at  least,  not  longer  than 
sixty  hours  after  beginning  the  use  of  the  drug.  In  one  case  sinus 
rhythm  was  restored  in  five  hours  after  the  administration  of  0.4  gm. 
To  none  of  the  cases  in  which  it  was  effective  was  more  than  3  gm 
given.  In  the  cases  which  did  not  resume  a  normal  rhythm,  quinidin, 
1.2  gm.  a  day,  was  continued  from  one  to  three  weeks,  but  the  prolonged 
administration  seemed  to  have  little  or  no  effect.  One  patient  (Case  1) 
who  on  two  occasions  responded  to  small  doses  of  quinidin  and  in  a 
third  period  failed  to  respond,  was  given,  in  a  fourth  period,  0.6  gm. 
daily  for  forty  consecutive  days  with  no  apparent  change  in  his  rhythm 
or  condition. 

SELECTION     CF     CASES 

We  are  able  to  add  very  little  new  information  as  to  the  type  of 
case  that  is  likely  to  be  affected  favorably  by  quinidin.  In  Table  1  are 
grouped  the  cases  in  which  the  administration  of  quinidin  was  followed 
by  a  sinus  rhythm;  in  Table  2  the  cases  in  which  fibrillation  persisted. 
A  comparison  of  the  sexes,  ages  and  length  of  duration  of  fibrillation 
in  these  cases  affords  no  explanation  of  the  type  of  case  in  which 
quinidin  exerts  its  peculiar  influence.  Nor  does  the  clinical  diagnosis 
help  in  solving  this  question.  Cases  of  chronic  valvular  disease,  mitral 
disease,  general  arteriosclerosis,  chronic  nephritis,  chronic  myocarditis, 
hyperthyroidism  and  hypertension  can  be  found  in  both  groups. 

There  is  one  feature,  however,  to  which  we  would  like  to  call 
attention  which  may  possibly  be  of  value  in  selecting  the  cases  in  which 
the  administration  of  quinidin  may  be  followed  by  tht  restoration  of 
sinus  rhythm.  In  reviewing  our  electrocardiographic  curves,  we  have 
been  impressed  by  the  fact  that  those  patients  who  in  their  control 
curves    (i.   e.   those  taken  in   the   period   before   quinidin   was  given) 


596 


ARCHIVES    OF    IXTERXAL    MEDICINE 


showed  relatively  large  auricular  waves  or  in  which  the  coarse  waves 
predominated  over  the  fine  waves,  were  more  likely  to  regain  a  normal 
rhythm  than  those  patients  whose  control  curves  showed  only  fine 
auricular  oscillations. 

Of  the  control  curves  of  fifteen  cases  of  persistent  fibrillation,  nine 
presented  ver}-  coarse  waves  or  a  mixture  of  fine  and  coarse  waves  in 
which  the  latter  predominated.  Of  these,  four  reverted  to  normal 
rhythm.  Six  of  these  cases  showed  only  the  finer  auricular  waves 
and  of  these  only  one  returned  to  a  sinus  pacemaker.  A  number  of 
patients  showing  only  fine  oscillations  had  received  digitalis  over  con- 
siderable periods,  and  this  is  an  important  point  to  be  considered  as 
will  be  seen  when  we  discuss  the  influence  of  digitalis.     In  this  con- 


TABLE  2. — Cases  in  Which  the  Admixistratiox  of  Quinidin  Was 
Not  Followed  by   Sinus   Rhythm 


Case 
No. 

Sex 

Age 

Clinical   Diagnosis 

Duration  of 

Fibrillation 

Before 

Quinidin 

2           M 

61 
30 

37 

42 

60 

60 

18 

61 

42 

16 

Multiple  serositis,  chronic  myocarditis 

4 
6 
7 
8 
10 

11 

12 
13 

14 

P 
F 
F 
M 
F 

F 

M 
F 

F 

E:xophthalmie  goiter,  acute  rheumatic  fever,  cardiac 
hypertrophy 

Chronic  valvular  disease,  mitral  stenosis  and  insuffi- 
ciency, rheumatic,  cardiac  insufficiency 

Chronic  valvular  disease,  mitral  stenosis,  aortic  insuffi- 
ciency, cardiac  hypertrophy,  cardiac  insufficiency 

Chronic  myocarditis,  cardiac  hypertrophy,  cardiac  in- 
sufficiency 

Chronic  valvular  disease,  mitral  stenosis  and  insuffi- 
ciency, general  arteriosclerosis,  cardiac  hypertrophy, 
cardiac  insufficiency 

Chronic  valvular  disease,  mitral  stenosis  and  insuffi- 
ciency, aortic  stenosis,  cardiac  hypertrophy,  cardiac 
insufficiency,  rheumatic 

General  arteriosclerosis,  chronic  myocarditis,  cardiac 
insufficiency 

Chronic  valvular  disease,  mitral  stenosis  and  insuffl  - 
ciency,  cardiac  hypertrophy,  rheumatic,  general  arte- 
riosclerosis 

Chronic  valvular  disease,  mitral  insufficiency,  cardiac 
hypertrophy,  adherent  pericardium,  cardiac  insuffi- 
ciency 

7  weeks 

2  weeks 

Over  2  years 

?  years 

Unknown 

7  days 

Unknown 
Unknown 

7  months 

nection,  it  is  of  interest  to  recall  that  cases  of  auricular  flutter,  in 
which  auricular  waves  are,  as  a  rule,  relatively  large,  are  more  likely  to 
recover  a  sinus  rhythm  spontaneously  than  cases  of  auricular  fibrillation. 


QUIXIDIX     IX     COMBIXATIOX     WITH     DIGITALIS 

A  number  of  those  reporting  ^  the  efifects  of  the  administration  of 
quinidin  have  pointed  out  that  it  may  be  associated  with  disagreeable 
symptoms  and  dangerous  or  even  fatal  results.     Sir  James  Mackenzie 


3.  Eyster  and  Fahr:  Arch.  Int.  Med.  29:59  (Jan.)  1922.  Hewlett  and 
Sweeney:  J.  A.  M.  A.  77:1793  (Dec.  3)  1921.  Mackenzie,  J.:  Brit.  M.  J.  2: 
576,1921.  Orr,  J. :  Brit.  M.  J.  2:576,  1921.  Benjamin  and  von  Kapf:  Deutsch. 
med.  Wchnschr.  42:10,  1921. 
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has  particularly  emphasized  the  possibility  that  the  sudden  coordinated 
contraction  of  the  auricles  may  tend  to  dislodge  emboli  from  intra- 
auricular  thrombi. 

Levy  has  noted  the  not  infrequent  occurrence  of  ventricular  tachy- 
cardia, and  suggests  that  a  persistent  use  of  quinidin  in  such  cases 
might  lead  to  ventricular  fibrillation  with  its  obvious  hazard. 

It  is  not  surprising  that  the  administration  of  a  drug  so  dramatic 
in  its  effects  should  at  times  be  attended  with  dangers,  and  in  the 
present  state  of  our  knowledge  it  should  be  used  only  with  great  caution 
and  under  the  closest  supervision.  None  of  our  patients  at  any  time 
presented  alarming  symptoms.  A  few  had  ringing  in  the  ears,  head- 
ache, nausea,  vomiting,  palpitation  and  increase  in  heart  rate  but  these 
were  very  temporary  and  usually  disappeared  a  short  time  after  the 
drug  was  discontinued. 

In  two  instances  which  did  not  ultimately  return  to  a  sinus  rhythm 
numerous  ventricular  extrasystoles  were  observed,  but  these  were  never 
so  frequent  as  to  suggest  the  approach  of  a  ventricular  tachycardia. 
One  patient  after  recovering  a  sinus  rhythm  exhibited  occasional 
auricular  premature  contractions. 

It  was  our  impression  that  the  greatest  discomfort  of  which  our 
patients  complained  was  due  to  the  palpitation  and  tachycardia.  At 
the  beginning  of  our  work,  in  order  to  simplify  our  experiment  as 
much  as  possible,  we  gave  quinidin  only  to  those  patients  who  had 
never  received  digitalis  or  we  withheld  it  for  two  or  three  weeks  until 
we  were  sure  that  the  heart  was  free  from  recent  digitalis  influences. 
This,  of  course,  was  the  cause  of  much  tachycardia  and  consequent 
discomfort.  It  was  thought  therefore,  that  it  might  be  of  some  practical 
clinical  value  to  compare  in  individual  cases  the  result  of  the  administra- 
tion of  quinidin  alone  with  the  result  in  subjects  who  had  also  been 
thoroughly  digitalized. 

The  results  of  our  observations  have  been  collected  in  Table  3. 
The  cases  are  presented  in  the  order  in  which  they  were  studied,  the 
"periods"  represent  successive  intervals  in  which  patients  were  observed, 
the  time  intervening  between  the  periods  varying  greatly.  For  example: 
Case  1  (rheumatic  mitral  disease)  was  first  under  observation  in  the 
hospital  for  about  six  weeks.  The  patient  was  discharged  after  sinus 
rhythm  had  persisted  for  four  weeks.  Six  weeks  later  he  began  to 
fibrillate,  and  on  his  second  admission  to  the  hospital. he  was  found  to 
have  been  digitalized  thoroughly.  Without  waiting  for  digitalis  effects 
to  wear  off,  he  was  given  quinidin,  which  was  promptly  followed  by 
a  change  to  sinus  rhythm  which,  however,  lasted  only  two  days. 
Quinidin  was  again  administered  but  this  time  without  interrupting 
fibrillation.  In  contrast,  Case  5,  a  subject  of  hyperthyroidism  with  a 
metabolism  rate  of  56  above  the  normal,  received  quinidin  in  successive 
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periods  separated  by  intervals  of  only  two  or  ihree  days.  The  first  and 
second  periods  resulted  in  a  resumption  of  control  by  the  normal  pace- 
maker ;  after  this  quinidin  failed  in  abolishing  fibrillation. 

The  use  of  alkaloids  of  cinchona  in  combination  with  digitalis  has 
been  opposed  on  the  ground  that  their  pharmacologic  activities  are 
antagonistic.  Stokvis,^  experimenting  on  the  frog's  heart  found  that  a 
combination  of  quinin  and  digitalis  destroyed  the  depressing  action  of 
quinin  and  modified  the  excitation  due  to  digitalis.  Pezzi  and  Clerc  ^ 
state  that  in  dogs  to  which  quinin  had  been  given,  the  subsequent 
administration  of  large  doses  of  digitalin  produced  no  toxic  symptoms. 

Schott "  has  pointed  out  that  in  experimental  animals  quinidin,  like 
digitalis,  may  produce  heart  block. 

TABLE  3. — QuixiDiN  and  Digitalis 


Case 
No. 


9 
10 
11 
12 
13 
14 
15 
16* 
17* 


First  Period 


Second  Period 


Third  Period 


Drugs 


Effect 


Q 
Q 
Q 

Q 
D+Q 

Q 

Q 
D  +  Q 
D  +  Q 
D  +  Q 
D+Q 
D  +  Q 

Q 


Sinus 

0 

Sinus 

A  slowing 

Sinus 
A  slowing 
A  slowing 

0 

Sinus 

A  slowing 

A  slowing 

V  slowing 

A  slowing 

A  slowing 

Sinus 

Sinus 

Sinus 


Dura- 
tion 


Drugs 


Effect 


Dura- 
tion 


Drugs        Effect 


Dura- 
tion 


10  wks. 
12  days 


Q  +  D 

24  hrs. 

Q 
D 
D 

7inos. 

Q  +  D 
Q 

6  wks. 
48  hrs. 
1  year 


Sinus 

V  slowing 

V  slowing 
A  faster 

Sinus 

V  slowing 

V  slowing 
A  faster 

.  V  slowing 
Sinus 


Q  +  D      V  slowing 


D  +  Q 
D  +  Q 


Sinus 
Sinus 


2  days 

Q  +  D 

0 

48  hrs. 

Q 

0 

5  mos.+? 

6  wks.        D  +  Q         Sinus 
3  days       D  +  Q        Sinus 


40  hi  s 


*  Paroxysmal   auricular  fibrillation. 

A  rr  auricular;  V  :=  ventricular;   Q  =  quinidin;   D  =  digitalis 


Frey  was  opposed  to  the  simultaneous  use  of  quinidin  and  digitalis. 
Hewlett  and  Sweeney  ^  think  that  the  administration  of  digitalis  may 
have  lessened  the  chances  of  the  recovery  of  sinus  rhythm  in  two  of 
their  cases. 

In  several  papers'  published  the  latter  part  of  1921,  Lewis  and 
his  associates,  Drury  and  Illiesco,  pointed  out  that  quinidin  caused  an 
"invariable  and  conspicuous  reduction  in  the  auricular  rate."  They 
obtained  this  evidence  by  applying  special  electrodes  to  the  chest  wall 


4.  Stokvis  :    Legons  de  Pharmacologic  3:41.  1905. 

5.  Pezzi  and  Clerc:    Presse  med.  28:334,  1920. 

6.  Schott:    Deutsch.  Arch.  f.  klin.  Med.  124:208.  1920. 

7.  Lewis,  Drurv  and  Iliesco :    Brit.  M.  J.  2:514,  1921.     Drury  and  Iliesco  : 
Brit.  AL  J.  2:512,  1921.     Lewis,  Drury,  Iliesco  and  Wedd :    Heart  9:55,  1921. 
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and  were  thus  able  to  secure  more  clearly  defined  auricular  waves 
in  the  electrocardiograms  than  when  electrodes  were  applied  to  the 
extremities. 

Since  these  papers  were  published,  we  ha\e  scrutinized  all  our 
electrocardiographic  records  taken  by  the  usual  leads  from  the  extrem- 
ities. In  these  the  auricular  waves  are  often  not  prominent  enough 
to  make  actual  measurements  of  rate,  but  where  these  could  be  made, 
the  administration  of  quinidin  was  uniformly  found  to  slow  the  auricles 
and  make  the  auricular  waves  more  prominent. 

Our  curves  further  show  that  when  digitalis  was  given,  the  auricular 
waves  usually  became  smaller  and  more  rapid ;  when  it  was  withdrawn, 
these  waves  became  coarser. 

On  several  occasions  we  were  able  to  watch  in  the  same  patient  the 
effect  of  the  administration  of  quinidin  alone  and  later  the  combined 
effect  of  quinidin  and  digitalis.  Curves  illustrating  the  effect  on  the 
auricular  activity  are  shown  in  Figures  1  and  2.  The  effect  of  giving 
c|uinidin  in  a  case  of  auricular  fibrillation  without  other  medication  was 
to  make  the  auricular  waves  coarser.  After  a  considerable  period  of 
quinidin,  digitalis  was  added  and  its  eft'ect  was  shown  not  only  by  a 
slowing  of  the  ventricular  rate  but  also  by  a  finer  and  more  rapid  auricu- 
lar activity.  Subsequently,  quinidin  was  stopped  and  digitalis  continued 
alone  when  its  unopposed  action  was  made  evident  by  a  further  ventric- 
ular slowing  and  still  smaller  auricular  waves.  This  would  appear  to 
be  further  evidence  that  there  is  an  antagonism  between  quinidin  and 
digitalis. 

In  Case  1  a  delayed  conduction  and  in  Case  3  a  partial  block  was 
observed  during  sinus  rhythm,  in  neither  instance  could  the  effect  be 
ascribed  to  digitalis.  Case  15  also  showed  a  delay  in  the  conduction 
period  but  this  patient  was  under  the  influence  of  both  digitalis  and 
quinidin. 

As  far  as  evidence  based  on  success  or  failure  in  securing  sinus 
rhythm  goes,  we  have  no  definite  proof  that  quinidin  and  digitalis 
are  antagonistic. 

An  analysis  of  the  fifteen  cases  of  persistent  fibrillation  recorded 
in  Table  3  shows  that  ten  received  in  the  first  period  quinidin  only. 
In  three  of  these,  sinus  rhythm  was  promptly  secured.  There  were 
seven  failures.  Five  patients  received  in  the  first  period  both  digitalis 
and  quinidin.     Of  these,  two  recovered  a  normal  rhythm. 

While  the  patients  listed  in  Table  3  as  receiving  in  the  "first  period" 
quinidin  only  were  those  who  had  taken  no  digitalis  for  two  or  three 
weeks  preceding  the  period  of  observation  and  so  were  presumably 
free  from  its  influence,  it  seems  to  us  important  to  take  into  considera- 
tion the  fact  that  a  number  of  them  had  been  digitalized  more  or  less 
completely  on  earlier  occasions.    It  was  not  possible  to  obtain  sufficiently 
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Fig.  1. — Case  4.  Lead  III.  A.  April  5.  Fibrillation,  fif  waves  rather  coarse. 
No  drugs.  B.  April  18.  Fibrillation,  fif  waves  fine.  Digitalis  only.  C.  May  24. 
Flutter,  after  quindin,  0.2  gm.  No  digitalis  for  three  weeks.  D.  June  2. 
Fibrillation,  ff  waves  medium  size.  Taking  quinidin  and  digitalis.  E.  June  13. 
Fibrillation,  fif  waves  very  small.     Digitalis  only. 
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Fig.  2.— Case  1.  Lead  II.  F.  May  11.  Fibrillation.  No  drugs.  G.  May  14. 
Flutter  after  quinidin,  2.4  gm.  H.  May  15.  Sinus  rhythm  after  quinidin, 
2.8  gm.  I.  July  28.  Fibrillation.  No  drugs  for  ten  weeks.  J.  September  15. 
Fibrillation.     Full  digitalization,  ff  waves  very  small. 
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reliable  statements  as  regards  this  feature  from  many  of  these  patients, 
hence  we  have  not  recorded  our  incomplete  data  on  this  point.  The 
effect  of  digitalis  in  diminishing  the  size  of  the  auricular' waves,  and 
the  experimental  evidence  that  it  can  produce  fibrillation,  suggest  that 
digitaHs  may  have  an  influence  in  fixing  a  condition  of  fibrillation,  and 
that  a  heart  once  digitalized  may  even  after  a  very  long  period  resist 
a  return  to  sinus  rhythm  even  though  the  more  ob\ious  influences  of 
digitalis  have  disappeared. 

A  brief  discussion  of  the  comparative  effect  in  individual  cases  of 
the  administration  of  quinidin  alone  and  of  quinidin  combined  with 
digitalis  affords  some  points  of  interest. 

We  may  dismiss  all  those  cases  (Table  2)  in  which  a  sinus  rhythm 
was  not  secured  by  stating  that,  in  general,  the  effect  of  quinidin  was 
to  slow  the  auricular  rate  and  accelerate  the  ventricular  rate,  while 
digitalis  neutralized  these  effects,  increasing  the  auricular  rate  and  slow- 
ing the  ventricular  rate. 

In  several  of  the  cases  (Table  3)  no  comparative  tests  were  made. 
Case  5  responded  to  quinidin  on  two  occasions  and  failed  to  respond  in 
the  third.  Case  15  was  receiving  digitalis  through  the  whole  period  of 
observation.  On  three  occasions  the  patient  was  given  quinidin  and  this 
was  followed  by  sinus  rhythm  each  time.  She  has  disappeared  and  we 
have  been  unable  to  report  subsequent  events.  In  this  instance  it  does 
not  appear  that  the  digitaHs  seriously  opposed  the  action  of  the  quinidin, 
yet  it  is  quite  possible  that  without  digitalis  her  periods  of  sinus  rhythm 
might  have  been  longer. 

Case  1  responded  promptly  to  quinidin;  the  normal  pacemaker 
remained  in  control  for  ten  weeks.  During  this  period  the  patient  had 
returned  to  his  home,  and  when  he  again  began  to  fibrillate,  he  was 
digitalized  under  the  advice  of  his  family  physician.  At  this  time  he 
returned  to  the  hospital  and  was  admitted  for  observation,  the  adminis- 
tration of  quinidin  was  again  promptly  followed  by  sinus  rhythm  which, 
however,  lasted  only  forty-eight  hours,  quinidin  was  immediately 
repeated  but  a  sinus  rhythm  was  not  secured.  It  is  difficult  to  say  that 
this  was  due  to  the  digitalis,  but  it  is  suggestive. 

Case  9  presents  a  number  of  features  of  interest. 

The  patient  is  a  woman,  aged  68,  who  has  been  under  constant  supervision 
for  more  than  ten  years.  She  is  suffering  from  chronic  nephritis,  and  for  the 
past  five  years  her  systolic  blood  pressure  has  ranged  from  200  to  230  mm.  Hg; 
diastolic  pressure,  from  120  to  140  mm.  Hg.  Her  heart  is  enlarged,  and  the 
mitral  valve  is  incompetent.  Except  for  occasional  extrasystoles,  her  heart 
was  regular  until  Tanuarj^  1920.  At  that  time  she  developed  auricular  fibrilla- 
tion which  terminated  in  twenty-four  hours.  Following  this  she  had  paroxysms 
of  fibrillation,  each  lasting  from  one  to  three  days,  at  four  or  five  weeks  inter- 
vals, until  May,  when  the  fibrillation  became  continuous.  She  was  then  digi- 
talized effectively  and  the  heart  rate  was  kept  between  70  and  80.  In  May, 
1921,  after  having  fibrillated  persistently  for  one  year  and  while  still  thor- 
oughly under  the   influence   of  digitalis,   she  was   given,   in  the   course   of  two 
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days,  1.4  gm.  quinidin.  This  was  promptly  followed  by  sinus  rhythm  and  all 
medication  was  at  once  discontinued.  A  sinus  rhythm  was  maintained  for  seven 
months  until  Dec.  9,  1921,  when  she  notified  me  about  2  a.  m.  that  her  heart 
was  again  irregular.  She  was  seen  a  few  hours  later  and  the  heart  was  found 
to  be  fibrillating  with  a  ventricular  rate  of  140.  Quinidin.  two  doses  of  0.2  gm. 
each,  was  given  and  the  normal  pacemaker  resumed  control  five  hours  later. 
The  ventricular  rate  was  86.  The  sinus  rhythm  has  continued  up  to  the 
present  time. 

In  this  instance  the  quinidin  was  equally  effective  both  when  the 
patient  was  completely  digitalized  and  when  she  was  taking  no  digitalis, 
but  it  may  be  noted  that  a  smaller  dose  of  quinidin  was  effective  under 
the  latter  condition.  At  no  time  has  this  patient  shown  signs  of  cardiac 
insufficiency,  except  of  a  most  insignificant  degree,  but  her  experiences 
of  relief  when  the  tumultuous  action  of  the  heart  was  replaced  by  an 
orderly  rhythm  left  no  doubt  as  to  the  marked  increase  in  mental  peace 
and  subjective  comfort  induced  thereby. 

Such  clinical  evidence  as  we  are  able  to  present  fails  to  demonstrate 
just  how  much  influence  digitalis  exerts  in  opposing  the  action  of 
quinidin,  but,  in  the  main,  it  accords  with  the  experimental  work  in 
animals  which  indicates  an  antagonistic  action  of  the  two  drugs. 


PAROXYSMAL     FIBRILLATION 

Case  17  was  of  interest  in  this  group. 

A  man,  aged  68,  has  been  under  observation  for  more  than  four  years.  With- 
out discoverable  cause  he  has  had  paroxysmal  attacks  of  fibrillation  since  1916. 
His  heart  shows  a  very  moderate  enlargement  and  a  slight  systolic  murmur  at 
the  apex  and  occasional  extrasystoles  when  the  sinus  is  in  control  of  the 
rhythm.  The  roentgen  ray  shows  an  aorta  measuring  7  cm.  Between  the 
paroxysms  he  has  no  signs  of  cardiac  insufficiency,  but  when  the  heart  fibril- 
lates,  he  becomes  excessivelj'  nervous,  passes  urine  of  low  specific  gravity  at 
frequent  intervals,  and  becomes  dyspneic  on  any  attempt  at  exertion.  At  first 
the  attacks  lasted  only  a  few  hours  and  occurred  at  irregular  intervals 
separated  by  periods  of  several  months.  They  had  gradually  increased  in  fre- 
quency and  persisted  for  a  longer  time.  In  June,  1921,  his  attacks  recurred  at 
intervals  of  a  few  days  and  persisted  for  periods  varying  from  nine  to  twenty- 
eight  hours.  June  23  he  was  seen  a  few  hours  after  the  onset  of  a  paroxysm 
and  it  was  decided  to  try  the  effect  of  quinidin.  After  his  second  dose  of 
0.4  gm.  he  went  to  sleep  and  awoke  at  midnight  with  a  regular  heart.  He  was 
advised  that  if  his  attacks  recurred  he  should  take  a  dose  of  quinidin  at  once 
and  if  the  irregularity  continued  the  drug  was  to  be  repeated  in  two  hours. 

He  was  seen  next  August  16  and  gave  the  following  account  from 
carefully  written  notes. 


Date 

Attacks  Begau 

Quinidin,  Gm. 

Note  . 

Duration  of 
Fibrillation 

June  23 

2:00  p.m. 

0.4  (  6:00  D.m.) 
0.4  (  9:00  p.m.) 

Awoke  at  12 
Attack  had  stopped 

10  hours  (?) 

July  5 

8:30  p.m. 

0.4  (  8:45  p.m.) 
0.4  (11:30  p.m.) 

Awoke  at  1:30 
Attack  had  stopped 

5  hours  (?) 

July  16 

2:30  p.m. 

0.4  (  2:45  p.m.) 
0.4  (  o:S0p.m.) 

Regular  at  7:30  p.m. 

5  hours 

July  18 

4:00  p.m. 

0.4  (  4:00  p.m.) 

Regular  at  6:00  p.m. 

2  hours 

Aug.  10 

8:30  p.m. 

0.4  (  8:30  p.m.) 

Regular  at  9:30  p.m. 

1  hour 
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Since  it  appeared  that  qtiinidin  had  an  influence  in  shortening  the 
attacks,  he  was  directed  to  take  a  daily  dose  (0.4  gm)  as  a  prophylactic 
measure  and  to  report  the  results  in  two  weeks.  He  \vas  not  heard  from 
again  until  he  presented  himself  in  January,  1922.  Soon  after  his 
visit  of  August  16  he  decided  to  go  to  France  and  he  remained  there 
until  January,  1922.  He  reported  that  he  had  had  no  attacks  and  that 
he  has  taken  one  dose  of  quinidin  each  day  throughout  the  whole  period. 
He  was  advised  to  discontinue  the  quinidin  but  felt  so  confident  of  the 
beneficial  effects  of  the  drug  and  so  fearful  of  a  return  of  his  paroxysms 
that  up  to  the  present  time  (May,  1922)  he  has,  on  one  pretext  or 
another,  put  off  the  day  on  which  this  advice  is  to  become  effective. 
He  has  had  no  attacks  since  Aug.  10,  1921.  His  heart  is  doing  its  work 
eificiently  and  there  are  no  evidences  of  cardiac  insufficiency.* 

This  experience  suggests  that  quinidin  may,  in  some  instances,  be 
taken  over  very  long  periods  with  no  ill  effects,  and  that  it  may  act  as  a 
prophylactic  measure  to  ward  off  these  attacks  which  may  be  of  a  most 
distressing  nature. 

EFFECT     OF     THE     RESTITUTION     OF     SIXUS     RHYTHM 

Quite  aside  from  the  possible  dangers  involved  in  converting  a  con- 
dition of  fibrillation  into  one  of  sinus  rh}^hm,  the  question  arises  as  to 
whether  the  patient  is  or  is  not  benefited  by  substituting  a  sinus  pace- 
maker for  the  impulses  arising  in  a  defective  auricle.  A  priori,  one 
would  say  that  the  resumption  of  the  normal  rhythm  should  be  of 
advantage,  and  this  we  believe  is  true.  In  those  cases  in  which  cardiac 
insufficiency  has  been  outspoken,  the  improvement  in  the  general  circu- 
lation, following  the  return  to  control  of  the  normal  pacemaker,  has 
not  been  better  or  worse,  more  rapid  or  shorter  than  similar  cases  treated 
efficiently  with  digitalis.  In  this  connection  it  may  be  recalled  that  the 
efficiency  of  the  heart  depends  almost  wholly  on  the  integrity  of  the 
ventricular  muscle,  and  if  a  reasonably  slow  rate  can  be  secured,  it 
makes  very  little  difference  whether  the  agent  is  an  effective  sinus 
pacemaker  or  digitalis.  However,  there  is  no  question  that  the  patient 
is  far  more  comfortable  when  the  delirious  heart  activity  has  been 
abolished.  Patients  are  quite  conscious  of  the  change  and  dread  the 
recurrence  of  the  sensations  produced  by  the  fibrillating  heart.  I  believe 
the  mental  attitude  consequent  on  the  disappearance  of  palpitation  is 
a  valuable  asset.  If  sinus  rhythm  persists  for  any  considerable  time 
there  is  the  additional  advantage  of  discontinuing  the  administration 
of  drugs  for  long  periods. 


*  Note. — Seen  Aug.  1,  1922.     No  attacks  up  to  this  time.     Has  taken  dose 
of  quinidin  daily. 


HART— QU IX  ID  IX     WITH    DIGITALIS  605 

SUMMARY 

1.  Quinidin  administered  in  fifteen  cases  of  auricular  fibrillation 
was  followed  by  sinus  rhythm  ten  times  in  five  cases.  In  two 
paroxysmal  cases  it  was  followed  by  sinus  rhythm  in  both  instances. 

2.  Cases  exhibiting  electrocardiograms  with  coarse  auricular  waves 
appear  to  be  affected  more  readily  by  quinidin. 

3.  There  is  some  experimental  and  clinical  evidence  that  the  action 
of  quinidin  and  digitalis  are  antagonistic. 

4.  Quinidin  decreases  the  auricular  rate  and  augments  the  ventric- 
ular rate.  Digitalis  increases  the  auricular  rate  and  slows  the 
ventricular  rate. 

5.  A  case  of  paroxysmal  auricular  fibrillation  is  reported  in  which 
under  the  daily  administration  of  quinidin  no  paroxysms  have  occurred 
for  nine  months. 

6.  The  advantages  of  the  sinus  rhythm  over  that  of  fibrillation  are 
discussed. 


t 


UNUSUAL    PAUCITY     OF     SYMPTOMS     IN     SOME 

CASES     OF     PONTOCEREBELLAR     TUMORS. 

DIAGNOSTIC     DIFFICULTIES  * 

ALFRED     GORDON,     M.D. 

PHILADELPHIA 

Neoplasms  developing  in  the  pontocerebellar  angle  are  presumably 
accompanied  by  manifestations  referable  to  the  cerebellum,  pons  and 
certain  cranial  nerves.  If  the  tumor  originates  in  the  cerebellum, 
cerebellar  symptoms  will  appear  first.  If  the  tumor  originates  in  the 
eighth  nerve,  the  most  frequently  involved  among  the  cranial  nerves, 
vestibular  or  auditory  symptoms  will  appear  first.  Besides  the  eighth, 
also  the  seventh,  sixth  and  fifth  nerves  are  aftected  quite  frequently. 

In  any  given  case,  in  which  a  pontocerebellar  involvement  is  sug- 
gestive, a  systematic  investigation  with  regard  to  the  encroachment 
on  the  above  mentioned  portions  of  the  central  nervous  system  is 
usually  made  and  a  diagnosis  is  arrived  at  without  great  difficulty. 
In  some  cases,  however,  the  stituation  is  not  so  easy  and  only  a 
repeated  examination  may  render  assistance.  A  third  group  of  cases 
may  be  so  baffling  for  want  of  gross  or  slight  symptoms  that  no 
opinion  can  be  rendered  even  after  several  examinations :  in  this 
category  of  instances  the  manifestations  are  so  slight  or  so  indefinite 
that  not  only  the  cerebellum  or  the  cerebellopontine  area  but  even  an 
intracranial  condition  may  not  be  thought  of.  Fortunately,  such  cases 
are  rare,  but,  nevertheless,  they  do  occur.  The  seven  cases  described 
herewith  are  examples  of  such  an  occurrence. 

Before  giving  a  description  of  them,  attention  is  called  to  the 
detailed  description  of  symptoms,  for  which  each  case  was  examined. 

A  carefully  carried  out  examination  was  made  in  a  systematic 
manner  in  each  case. 

1.  The  condition  of  the  cerebellum  and  of  its  peduncles  was  deter- 
mined from  the  following  investigation:  (a)  The  gait  with  regard 
to  staggering  toward  one  or  the  other  side;  (b)  ataxia  of  the  upper 
or  lower  extremities  with  regard  to  the  finger-to-nose  test,  to  over- 
action,  to  dysmetria  or  hypermetria;  (c)  coordination  of  movements 
of  the  loAver  extremities  in  the  test  of  placing  the  heel  of  one  foot  on 
various  parts  of  the  other  limb;  (d)  diadochokinesia  (quick  pronation 
and  supination)  ;  (c)  the  position  of  the  head  with  regard  to  its 
inclination  to  one  or  the  other  side,  also  if  an  abnormal  position  found 
whether  it  is  constant  or  permanent;   (/)  the  presence  or  absence  of 


*  Read   at   the  meeting  of  the  American   Xeurological   Association   held   in 
Washington,  D.  C.  May  2-4,  1922. 
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abnormal  voluntary  or  passive  movements  by  resistance  test.  Accord- 
ing to  Holmes  and  Steward,  in  a  unilateral  involvement  of  tbe  cere- 
bellum while  the  patient  is  flexing  his  arm  on  the  affected  side  and 
the  examiner  opposes  this  flexion  with  his  hand  and  then  suddenly 
removes  the  latter,  ^  the  movement  of  the  flexion  continues  and  the 
hand  strikes  the  chest  violently.  In  normal  conditions,  the  arm  will 
continue  for  a  moment  flexing  at  first  but  will  immediately  stop  and 
move  in  the  opposite  direction.  In  passive  movements,  Andre-Thomas 
called  attention  to  the  following  phenomenon  in  cerebellar  diseases : 
W'hen  the  arm  is  raised  to  a  horizontal  position  and  the  forearm  is 
given  repeated  abrupt  movements,  the  arm, on  the  side  of  the  cere- 
bellar lesion  will  show  very  little  resistance.  The  movements  of  flexion 
followed  by  movements  of  return  (extension)  are  both  of  greater 
amplitude  than  on  the  normal  side  where  resistance  is  greater  and  move- 
ments are  slower.  Similarly,  when  both  elbows  are  held  and  alternately 
adducted  and  abducted,  the  resistance  is  less  marked  on  the  affected 
than  on  the  sound  side.  In  the  lower  extremities,  if  the  thighs  are 
placed  at  a  right  angle  to  the  pelvis  and  the  legs  are  extended  but 
immediately  released,  the  leg  on  the  affected  side  will  show  less 
resistance  and  its  return  to  the  hanging  position  will  be  more  rapid 
than  that  of  its  fellow  on  the  sound  side.  The  same  author  observed 
that  when  the  patient  is  told  to  raise  his  arm  (on  the  affected  side) 
and  to  let  it  fall  on  his  head,  it  will  do  so  like  an  inert  body,  namely, 
it  will  rebound  several  times    (springlike  phenomenon). 

(g)  Special  reflex  phenomena.  When  the  patient  is  placed  on 
an  elevated  seat  with  his  legs  hanging,  without  touching  the  floor,  and 
the  test  is  made  for  the  patellar  tendon  reflex,  the  normal  knee  jerk 
will  consist  of  a  sudden  extension  of  the  leg  and  slow  return  to  the 
position  of  rest.  On  the  diseased  side,  if  the  reflex  is  present,  the 
movement  of  extension  is  of  a  somewhat  greater  amplitude  and  is 
followed  by  a  series  of  flexion  and  extension  movements  (pendulous 
type).  The  same  form  of  reflex  is  observed  in  the  biceps  and  triceps 
for  the  upper  extremity  in  unilateral  cerebellar  lesions   (A.  Thomas). 

2.  Compression  of  the  pons  itself  in  cerebellopontine  angle  condi- 
tions is  ascertained  from  the  presence  or  absence  of  symptoms  referable 
to  the  motor  and  sensory  pathways  which  pass  through  the  pons. 
Paresis  or  paralysis,  anesthesia  or  analgesias  or  else  ])aresthesias. 
changes  of  reflexes — all  wall  be  observed.  The  latter,  particularly,  are 
frequent.  The  knee  jerks  may  be  increased  on  the  opposite  side  and 
not  infrequently  diminished  on  side  of  the  lesion.  The  toe  phenomenon 
and  ankle  clonus  may  be  present  on  the  side  of  the  plus  knee  jerk. 

3.  The  cranial  nerves  must  be  investigated  with  particula'-  care. 
As  the  eighth,  seventh,  sixth  and  fifth  nerves  are  most  frequently 
involved,  the  following  symptoms  will  be  observed ;  anesthesia  of  the 
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face  on  the  side  of  the  lesion  (fifth  nerve)  ;  facial  palsy  of  the  per- 
ipheral type  with  all  the  characteristic  symptoms  (seventh  nerve)  ; 
paralysis  of  the  external  rectus  muscle  on  the  affected  side  (sixth 
nerve)  ;  unilateral  impairment  of  hearing,  also  vertigo  with  a  tendency 
to  fall  to  the  affected  side  (eighth  nerve). 

4.  The  vestibular  test  by  the  Barany  method  has  proven  to  be  of 
considerable  assistance  in  making  a  diagnosis  of  a  pontocerebellar 
tumor,  although  in  some  cases  it  was  shown  to  be  unsatisfactory. 

In  the  presence  of  such  an  array  of  symptoms,  the  diagnostic 
problem  of  pontocerebellar  symptoms  appears  to  be  solved  with  great 
facility.  If  not  all  the  abnormal  manifestations  are  present  at  the 
same  time,  at  least  some  of  them  will  be  found  after  a  careful  search. 
But  this  is  not  always  the  case.  Exceptionally,  one  meets  with  unusual 
instances  in  which  the  described  multitude  of  symptoms  are  not  all 
present,  and  if  only  one  or  two  symptoms  of  the  very  many  are 
observed,  one's  thoughts  may  find  themselves  totally  diverted  from  the 
idea  of  pontocerebellar  condition.  Seven  such  examples  verified  by 
necropsies  are  submitted.  A  minute  examination  along  the  plan 
described  was  made  in  each  case.     The  results  are  as  follows : 

Case  1. — Tumor  involving  right  cerebellar  hemisphere,  extending  forward 
into  the  cerebellopontine  angle  on  the  same  side  but  not  displacing  or  dis- 
figuring the  pontine  region  verj'  much. 

History. — Patient  was  first  seen  eight  weeks  before  the  operation  and  nine 
weeks  before  death.  He  complained  of  headache  which,  however,  was  not  of 
an  unusually  severe  character.  His  gait  and  station  were  normal ;  there  was 
no  trace  of  leaning  to  one  side  in  walking.  The  knee  jerks  were  equal  and 
intact.  The  plantar  reflex  was  flexor  in  type  by  several  methods.  The  patient 
complained  of  occasional  blurred  vision  but  the  eye  grounds  were  normal.  The 
eye  muscles  functionated  normally.  There  was  no  history  of  syphilis  and  the 
blood  Wassermann  was  negative.  The  diagnosis  was  exceedingly  difficult  in 
view  of  total  absence  of  gross  objective  phenomena.  The  headache,  it  is  true, 
was  persistent,  but  it  was  present  only  about  two  months,  and  the  patient 
continued  his  occupation  of  a  truck  driver  until  about  one  month  before  the 
operation. 

Examination. — Repeated  examinations  were  made.  It  was  soon  observed  that 
while  he  was  conversing  or  looking  forward  his  head  was  slightly  tilted  toward 
the  right  side.  During  the  subsequent  days,  and  later  on  definitely,  the  head 
remained  in  the  inclined  position.  Moreover,  any  attempt  to  incline  it  to  the 
opposite  side  provoked  some  dizziness.  He  himself  observed  this  when,  acci- 
dentally, he  would  turn  the  head  abruptly  to  the  left  side.  The  position  of  the 
head  was  such  that  the  chin  became  directed  toward  the  opposite  shoulder. 
The  patient  soon  commenced  to  complain  of  stiffness  in  the  neck  and  careful 
interrogation  revealed  that  this  muscular  stiffness  was  distinct  on  the  right 
side  but  exceedingly  slight  on  the  left. 

Diagnosis. — The  persistent  headache  and  the  persistent  unilaterality  of  the 
head  position  together  with  muscular  discomfort  on  the  same  side  gave  an  indi- 
cation of  the  possibility  of  an  intercranial  neoplasm  situated  presumably  on 
the  right  side  and  in  the  cerebellar  area.  This  presumption  became  stronger 
when  the  symptom  of  the  pointing  reaction  made  its  appearance.  It  was  at 
first  equal  and  normal  on  both  sides.  It  is  only  during  the  later  examinations 
that  an  error,  at  first  slight  and  later  distinct,  was  observed.     The  error  con- 
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sisted  of  an  outward  pointing  with  the  right  hand.  This  position  was  invari- 
ably uniform  at  each  of  the  examinations.  The  vestibular  test  by  Barany's 
method  was  negative. 

Course. — Very  soon  the  patient  commenced  to  complain  of  frequent  attacks 
of  blindness  lasting  only  a  minute.  The  view  of  a  right  cerebellar  involve- 
ment became  stronger  and  stronger.  The  motor  and  sensory  apparatuses 
remained  intact  throughout  the  entire  period  of  observation.  The  eye  grounds 
then  showed  no  distinct  pathologic  lesions,  but  the  veins  commenced  to  appear 
to  be  somewhat  dilated.  A  decompressive  operation  was  advised  and  accepted. 
A  mass  was  found  as  described  above. 


Fig.    1. — Tumor    involving   the    right    cerebellar   hemisphere    and    extending 
forward  into  the  cerebellopontile  angle    (Case  1). 


Case  2. — Tumor  situated  in  the  right  cerebellopontine  area  and  producing  no 
evident  displacement  of  the  pons  with  its  structures.  The  mass  encroached 
slightly  on  the  fifth  nerve. 

History. — The  patient,  aged  46,  bookkeeper,  during  the  last  two  j'cars  of  his 
life,  suffered  from  pain  in  the  right  side  of  his  face.  The  pain  was  not  con- 
tinuous, but  would  occur  under  the  influence  of  some  emotion  or  else  with  the 
change  of  temperature.  The  facial  area  involved  corresponded  to  the  distri- 
bution of  the  first  two  branches  of  the  trigeminus.  Objectively,  there  was  a 
hyperesthesia  of  the  entire  right  side  of  the  face  and  particularly  with  regard 
to  the  test   for  cold.     The   pain   was   not   of  a   neuralgic   character,   and   not 
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occurring  in  paroxysms.  The  patient  described  it  as  a  burning  pain  at  one 
time,  as  a  pulling  pain  at  another.  It  was  of  a  sharp  character  but  of  a  steady 
and  deeply  seated  aching.  For  many  months  the  facial  pain  was  the  only 
morbid  manifestation.  There  were  no  changes  in  the  motor  apparatus.  Station, 
gait,  reflexes,  were  all  normal. 

Examination. — The  patient  was  repeatedly  examined  and  careful!}'  gone  over. 
Three  months  before  he  died,  for  the  first  time  there  was  noticed  an  error  in 
the  pointing  reaction  on  the  right  side.  His  finger  invariably  would  deviate 
outwardly.  It  became  more  pronounced  as  the  disease  progressed.  At  the  same 
time  a   dysmetria  made   its  appearance   on   the   right   side   in  the  finger-to-nose 


Fig.  2. — Section  of  tumor  from  Case  1. 


test  and  remained  unaltered  until  the  end.  One  month  before  the  termination 
the  right  knee  jerk  became  diminished  and  remained  as  such.  At  no  time  did 
the  eyes  show  any  changes  intraocularly  or  extraocularly.  The  vestibular  test 
was  negative. 

Diagnosis. — -The  diagnosis  had  to  be  based  exclusively  on  the  persistent  right 
sided  facial  pain,  abnormal  right  past  pointing,  right  sided  dysmetria  of  the 
hand  and  diminished  right  knee  jerk.  For  a  long  time,  however,  the  few  latter 
symptoms  were  not  yet  in  evidence,  and  a  diagnosis  of  a  right  pontocerebellar 
condition  in  view  only  of  facial  pain  on  the  right  side  could  not  logically  be 
entertained. 


Fig.  3. — Tumor  in   right   cercliellopontile  angle    (Case  2). 
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Fig.  4. — Small   tumor  in  left  cerebellopontile  angle    (Case  3). 
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Course. — The  patient   died   from  a  virulent  attack  of  pneumonia. 

Case  3. — A  small  tumor  in  the  left  cerebellopontine  angle. 

History. — The  patient,  female,  aged  17,  complained  of  occasional  vomiting 
and  headache  during  the  past  year.  These  symptoms  would  occur  at  the  time 
of  her  menstrual  periods.  A  relationship  between  the  two  phenomena  as  cause 
and  effect  was  considered  by  several  physicians  who  were  called  in  for  an 
opinion  and  advice.  The  patient  was  given  intensive  opotherapy  for  many 
months  without  relief.  Two  monhs  before  her  death  it  was  noticed  that  the 
left  side  of  her   face  was   slightly  deviated  toward  the  right  side.     This   facial 


Fig.  5. — Large  cystic  mass  in  right  cerebellar  hemisphere  pressing  forward 
against  the  pons    (Case  4). 


paresis  presented  all  the  characteristics  of  peripheral  involvement  of  the  seventh 
nerve. 

Exainination. — A  careful  examination  revealed  no  abnormal  manifestations 
in  the  motor  or  sensory  apparatuses  and  no  involvement  of  cranial  nerves, 
except  the  seventh.  It  was  observed,  however,  that  the  pointing  reaction  of 
the  left  arm  was  invariably  inward.  Manj'  examinations  were  performed  and 
the  inward  pointing  on  the  left  side  was  persistent  while  the  pointing  with 
the  right  hand  was  always  correct.     A  vestibular  test  was  negative. 

Diagnosis.— In  spite  of  the  absence  of  gross  symptoms,  the  past  pointing 
together  with  the  left  facial  paresis  and  the  headache  which  became  then  more 
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persistent  and  continuous  led  to  the  thought  of  a  left  cerebellopontine  pressure. 
No  other  symptoms  were  present  during  the  last  period  of  the  patient's  life. 

Course. — A  decompressive  operation  was  performed,  but  the  patient  died 
three  days  later. 

Case  4. — ^A  large  cystic  mass  in  the  right  cerebellar  hemisphere  pressing 
slightly  forward  against  the  pons. 

History. — Patient,  male,  aged  40,  complained  of  dizziness  and  a  slight  head- 
ache in  the  low  occipital  region  for  six  months,  also  of  a  stiffness  in  the  neck. 


J 


Fig.  6. — Large  neoplasm  in  right  pontocerebellar  angle  (Case  5). 


Examination. — On  examination  it  was  noticed  that  his  head  was  slightly  tilted 
to  the  right  and  on  attempts  to  turn  it  toward  the  left  side  he  would  become 
dizzy.  The  dizziness  would  last  about  one  minute.  The  motor  and  sensory  appa- 
ratuses, as  well  as  the  special  senses,  were  all  normal. 

This  condition  lasted  two  months  without  alteration.  Soon  a  new  symptom 
made  its  appearance — the  patient  complained  of  occasional  diplopia.  The  eye 
grounds  as  well  as  the  ocular  muscles  remained  intact.  On  repeated  examina- 
tions an  error  of  pointing  reaction  was  observed  in  the  right  arm,  namely 
inward  and  downward.     A  vestibular  test  was  negative. 
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Diagnosis. — The  headache  (though  not  severe)  in  the  suboccipital  region, 
cervical  discomfort,  dizziness,  slight  tilt  of  the  head  to  the  right  and  faulty 
pointing  reaction — were  the  only  symptoms  for  a  diagnosis.  Since  these  phe- 
nomena were  uniformly  persistent,  a  tentative  diagnosis  of  a  right  cerebello- 
pontine lesion  was  made. 

Course. — The  patient  met  with  an  accident  falling  down  a  flight  of  stairs 
and  fractured  his  left  thigh.  On  the  third  day  he  developed  a  violent  type  of 
pneumonia  and  he  died  on  the  fifth  day. 


Fig.    7. — Small    tumor    in    anterior    portion    of    right    cerebellar    hemisphere 
hnng  close  to   the  pons   anteriorly   (Case  6). 


Case  5. — A  large  neoplasm  in  the  right  pontocerebellar  angle  pushing  the 
pons  to  the  left. 

History. — Man,  aged  38,  teacher  of  languages,  complained  for  several  years 
of  attacks  of  vomiting,  followed  by  severe  headache  which  would  last  twenty- 
four  hours.  At  first  they  occurred  once  in  two  or  three  months,  but  within 
the  last  year  of  his  life,  approximately  once  in  two  weeks. 

Examination.  —  On  examination  made  six  months  before  he  died  a  slight 
engorgement  of  the  retinal  veins   in  the  right  eye  with  two  hemorrhagic  spots 
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in  the  left  eye  were  noticed.  The  motor  and  sensory  apparatuses  were  intact 
with  the  exception  of  a  mild  but  a  distinct  hyperesthesis  over  the  right  side 
of  the  face.  No  other  symptom  was  in  evidence  until  two  months  before 
death.  He  then  showed  defective  pointing  reaction  in  the  right  hand  with  out- 
ward  direction. 

Diagnosis.— The   diagnosis  was  quite   difficult   at   first   in   view   of    the   facial 
hyperesthesia   lieing   virtually   the    sole    objective    symptom.      Nevertheless,   the 


Fig.  8.— A  mass  lying  in  the  anterior  portion  of  the  left  cerebellar  hemi- 
sphere close  to  the  pons  and  adherent  to  the  eighth  nerve. 

persistence  of  it,  together  with  the  history  of  headache  and  vomiting  (although 
only  paroxysmal)  gradually  led  one  to  suspect  an  intracranial  condition,  i  he 
appearance  of  the  pointing  reaction,  which  remained  persistently  conhned  to 
the  right  side,  fortified  me  in  my  suspicion. 

Course— A  month  later  hemorrhages  appeared  in  the  right  fundus  oculi, 
and  the  patient  complained  of  losing  his  eyesight.  A  right  suboccipital  decom- 
pression was  performed  but  the  patient  died  on  the  following  day. 
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Case  6. — A  small  tumor  of  the  size  of  a  walnut  in  the  anterior  portion  of 
the  right  hemisphere  lying  close  to  the  medulla  laterally  and  the  pons  anteriorly. 

History. — Patient,  woman,  aged  48,  gave  a  history  of  prolonged  headache  of 
a  very  mild  character  occurring  once  a  month  during  a  period  of  six  years 
which  was  diagnosed  as  migraine.  When  I  saw  her,  about  six  months  before 
death,  she  presented  a  slight  palsy  of  the  external  rectus  muscle  on  the  right 
side,  disturbances  of  smell  in  the  right  nostril  and  some  discomfort  in  the  neck 
on  both  sides,  which  she  qualified  as  a  pulling  sensation.  The  reflexes,  sensa- 
tions, gait,  station  were  all  normal.  She  complained  of  dimness  of  vision  but 
the  eye  grounds  were  normal.  This  condition  remained  unchanged  for  four 
months  when  error  in  the  pointing  reaction  of  the  right  hand  was  noted:  its 
reaction  was  outward  and  downward.  This  error  persisted  until  the  time  of 
death.  During  the  last  three  weeks  a  tilting  of  the  head  to  the  right  was 
noticed  and  remained  unaltered  until  the  end.     An  operation  was  declined. 

Course. — Patient  contracted  a  profuse  diarrhea  with  a  bloody  discharge  and 
died  suddenly.     She  was   found  dead  in  bed. 

Case  7. — A  mass  lying  in  the  anterior  portion  of  the  left  cerebellar  hemi- 
sphere close  to  the  pons  and  adherent  to  the  eighth  nerve.  During  the  removal 
of  the  brain  the  affected  hemisphere  was  much  lacerated. 

History. — -Patient,  male,  aged  45,  a  bartender  by  trade,  complained  during 
the  last  two  years  of  his  life  of  headache  and  occasional  vomiting  and  occa- 
sional diplopia.     He  came  under  m}'  observation  two   months  before  death. 

Examination. — He  presented  a  tilting  of  the  head  to  the  left  with  the  chin 
turned  to  the  right.  When  the  head  was  turned  to  the  opposite  side,  dizziness 
would  appear  but  it  would  last  but  a  few  seconds.  With  the  exception  of  a 
markedly  diminished  left  patellar  tendon  reflex  there  were  no  other  evidences 
of  an  intracranial  involvement.  A  vestibular  test  at  that  time  was  negative. 
Soon  the  pointing  reaction  became  defective :  its  direction  was  inward  and 
downward. 

Diagnosis. — The  clinical  picture  was  merely  suggestive  of  a  cerebellar 
condition. 

Course. — One  month  before  the  operation  the  patient  suddenly  became  blind 
in  his  right  eye.  An  examination  revealed  a  marked  veinous  engorgement  with 
a  few  hemorrhagic  spots  in  the  right  ocular  fundus  but  no  changes  were  seen 
in  the  left  eye.  A  Barany  test  at  this  phase  was  positive  and  indicated  the 
existing  of  a  pontocerebellar  lesion.  A  decompression  was  made  in  the  sub- 
occipital region,   but  the  patient  expired  a   few  hours   later. 

DISCUSSION 

An  analysis  of  these  cases  demonstrates  one  striking  fact,  that 
while  during  many  months  no  diagnosis  could  be  made,  the  symptoms 
suggesting  a  pathologic  condition  approximately  in  the  cerebellar 
\ncinity  commenced  to  make  their  appearance  very  late,  so  that  early 
surgical  interference  could  not  be  thought  of.  As  to  the  symptoms 
themselves,  their  number  was  too  small  to  permit  strong  inferences 
at  first,  but  it  is  only  because  of  their  unilaterality  and  gradual  and 
progressive  development  one  after  another,  finally  their  persistence, 
after  once  having  been  established,  that  a  tentative  conckision  was 
reached  as  to  their  localization.  It  is  not  less  remarkable  that  in  five 
of  the  seven  cases  the  increased  intracranial  pressure  failed  to  produce 
changes  in  the  ocular  fundi.  In  the  two  positive  cases,  the  changes 
appeared  only  a  short  time  before  death  (two  months  and  one  month, 
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respectively).  Retinal  hemorrhages,  with  venous  engorgement,  were 
the  symptoms  observed.  In  view  of  their  late  development,  the  early 
diagnosis  remained  in  suspense.  Their  entrance  into  the  picture  of  the 
disease  at  once  rendered  the  tentative  localization  already  made  more 
and  more  suggestive. 

The  positive  sign  common  to  all  the  cases  was  the  error  in  the 
pointing  reaction.  The  latter  seems,  therefore,  of  great  value,  and 
the  search  for  it  should  be  made  persistently  and  repeatedly  since  in 
each  of  the  seven  cases  it  was  a  late  manifestation;  its  absence  in  the 
early  period  of  the  disease  was  noticeable. 

A  special  position  of  the  head  was  present  in  four  of  the  seven 
cases.  The  head  was  inclined  toward  the  side  of  the  tumor  and  when 
attempt  was  made  to  move  it  to  the  opposite  side,  headache  and  dizzi- 
ness appeared,  a  diagnostic  symptom  to  which  I  directed  attention 
several  years  ago  and  which  I  had  opportunity  to  verify  on  many 
occasions.^  The  special  position  of  the  head,  which  remained  unaltered 
until  death,  contributed,  to  a  great  extent,  to  the  formation  of  a 
diagnostic  opinion  which  was  so  difficult  in  view  of  the  extremely 
small  number  of  symptoms. 

In  two  cases  there  was  a  persistent  discomfort  in  the  neck  muscles 
consisting  of  a  stiffness  or  of  a  pulling  sensation.  Although  such  a 
phenomenon  has  been  observed,  and  reported  in  the  literature,  never- 
theless, its  inconspicuousness  in  both  cases  did  not  permit  of  attaching 
any  diagnostic  importance  to  it. 

In  Case  2  one  symptom  aroused  a  strong  suspicion  with  regard  to 
an  intracranial  involvement,  in  spite  of  the  absence  of  gross  and  definite 
manifestations.  This  was  a  persistent  pain  with  an  objective  hyper- 
esthesia confined  to  the  area  of  distribution  of  the  first  two  branches 
of  the  fifth  nerve.  The  pain  was  not  of  a  neuralgic  character  but  was 
a  deep  seated  and  continuous  aching,  pulling,  or  burning.  It  was  so 
unmistakably  different  from  the  classical  neuralgia  and  so  persistent 
and  so  discomforting  to  the  patient  that  attention  was  unavoidably 
directed  to  the  possibility  of  an  intracranial  involvement. 

Nerve  involvement  is  observed  very  frequently  in  cerebellopontine 
neoplasms.  Indeed,  one  may  say,  it  is  a  strong  diagnostic  and  localizing 
symptom.  Curiously  enough,  only  in  two  cases  of  my  series  the  seventh 
and  sixth  nerves,  respectively,  were  affected,  but  in  a  mild  degree  and 
only  toward  the  termination  of  the  disease.  A  very  long  period  of  time 
elapsed  before  these  two  nerves  showed  any  involvement  at  all,  and  no 
definite  diagnosis  could  be  made  from  the  very  few  symptoms  present. 

The  vestibular  tests  by  Barany's  methods  are  usually  of  consider- 
able   assistance   in   pontocerebellar    conditions.      The    negative    results 


1.  J.  A.  M.  A.  50:461  (Aug.  8)   1908. 
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observed  in  six  cases  of  the  series  are  certainly  striking.  In  one  case 
it  proved  to  be  confirmatory  of  its  diagnostic  value  during  the  advanced 
period  of  the  disease.  It  seems,  therefore,  that  in  cases  in  which  there 
is  a  great  paucity  of  symptoms,  the  vestibular  test  itself  is  negative, 
although  its  usefulness  would  have  been  particularly  enhanced  in  such 
cases  had  it  given  positive  results. 

CONCLUSIONS 

This  study  indicates  the  possibility  of  unusual  difficulties  being 
present  in  the  diagnosis  of  pontile  angle  tumors,  and,  therefore,  leads 
to  a  delay  in  operative  procedures,  which,  after  the  diagnosis  has  been 
made  possible,  become  useless  and  highly  dangerous. 

The  vestibular  reactions  which  ordinarily  render  considerable  aid 
in  the  diagnosis  of  pontocerebellar  tumors  are  evidently  not  invariably 
positive  in  every  case.  Their  absence,  singularly  enough,  coincides 
with  the  absence  of  many  other  important  symptoms  on  which  a  neuro- 
logic examination  is  based.  The  present  study  demonstrates  the  fact 
that  integrity  of  vestibular  reactions  does  not  exclude  the  possibility 
of  a  pontile  angle  tumor. 

In  cases  in  which  the  diagnostic  difficulties  are  great,  one  or  two 
slight  manifestations  may  obstinately  persist  at  repeated  examinations ; 
such  symptoms,  although  slightly  or  very  slightly  developed,  should  be 
regarded  with  suspicion,  and  if  they  are  persistently  unilateral  a  ponto- 
cerebellar condition  should  be  thought  of.  Furthermore,  the  cases 
under  discussion  show  that  among  such  apparently  insignificant  symp- 
toms the  pointing  error  is  of  great  localizing  value,  as  it  was  present 
in  each  case.  Its  value  is  parallel  with  that  of  gait  disturbance  which 
is  manifested  in  walking  or  falling  toward  one  side  in  unilateral  cere- 
bellar conditions;  it  is  also  parallel  with  diadokokinesia  (quick  prona- 
tion and  supination)  which  is  intimately  related  to  the  functioning  of 
the  homolateral  cerebellar  hemisphere.  The  pointing  errors  are  to  be 
regarded  as  the  result  of  consequences  of  a  disturbance  in  the  regula- 
tion and  in  the  coordination  of  voluntary  movements,  which  are  con- 
trolled by  the  cerebellum,  directly  or  indirectly;  the  role  of  the  latter 
as  a  coordination  center,  or  as  an  organ  receiving  its  reflex  influence 
on  coordination  from  elsewhere  in  the  central  nervous  system,  is  still 
in  dispute. 

Persistent  pain  in  the  area  of  distribution  of  one  or  two  branches 
of  the  trigeminus,  pain  which  is  not  of  the  typical  neuralgic  character, 
but  has  the  character  of  pulling,  burning,  boring,  etc.,  seems  to  be  a 
highly  suggestive  symptom  in  the  conditions  under  discussion,  as 
Case  2  has  proven.  Here,  again,  its  persistence  at  repeated  examina- 
tions,  and,   particularly,   its   extremely   deep   seated   character,   should 
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lead  to  the  possibility  of  a  material  pressure  on  the  fifth  nerve  at  the 
level  of  the  pons.  Its  occurrence  in  Case  2  seems  to  be  highly 
instructive  for  diagnostic  purposes. 

After  a  careful  consideration  of  all  these  special  phenomena,  it 
appears  that  while  it  is  true  that  a  diagnosis  is  almost  an  impossibility 
in  the  presence  of  such  an  extremely  small  number  of  symptoms  as 
seen  in  this  series  of  seven  cases,  nevertheless,  the  analysis  of  the 
special  symptoms  with  their  particular  characteristics  even  in  the  early 
phases  of  the  disease  is  bound  to  arrest  attention.  In  all  such  cases 
a  cerebellopontile  condition  should  always  be  thought  of  and  early 
radical  intervention  be  considered  seriously.  To  reiterate :  a  negative 
vestibular  test  is  not  to  be  relied  on  for  diagnosis  as  it  is  not  conclusive 
and  this  study  has  shown  that  integrity  of  vestibular  reactions  coincide 
frequently  with  paucity  of  other  neurologic  manifestations. 

Special  emphasis  is  laid  on  this  important  fact  that  a  limited  or 
very  limited  number  of  morbid  manifestations  may  be  present  even 
in  cases  in  which  the  tumor  is  of  a  large  size,  as  the  findings  in  these 
cases  have  proven  it  amply.  The  dimensions,  therefore,  of  a  neoplasm 
must  not  be  taken  into  consideration  in  every  case  when  the  proper 
.estimation  of  the  few  symptoms  present  is  diagnostically  figured  out. 

H.  W.  Stenvers  recently  called  attention  to  a  very  interesting  diiTer- 
ential  diagnostic  point.  He  observed  in  several  instances  that  roent- 
genograms show  erosions  of  the  mesial  part  of  the  petrous  bone  in 
pontile  angle  tumors.  If  this  statement  is  correct,  these  findings  are 
of  great  practical  value  and  add  an  important  diagnostic  symptom, 
particularly  in  cases  in  which  the  number  of  symptoms  is  unusually 
small. ^ 
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PHILADELPHIA 

Osteomalacia  is  a  generalized  softening  of  adult  bones  which  were 
at  one  time  quite  calcified  and  hard.  It  occurs  in  adult  man  and  in 
some  animals  and  birds.     In  man  several  types  are  recognized. 

1.  A  mild  form  is  found  in  pregnant,  puerperal  and  lactating 
women,  which  recurs  with  each  pregnancy.  The  skeletal  changes 
become  worse  with  each  attack,  but  tend  toward  a  spontaneous  recovery 
when  the  drain  of  pregnancy  and  lactation  is  removed.  A  very  similar 
group  of  cases  arises  in  famine  districts,  or  when  the  variety  of  diet 
is  limited.  The  avidity  of  the  tissues  for  calcium  and  phosphorus  in 
these  forms  of  osteomalacia  is,  however,  undisturbed,  and  when  these 
elements  are  added,  to  the  dietary  in  usable  form,  the  patient  recovers. 

2.  A  second  or  senile  type  occurs  in  old  people,  in  which  the  bone 
softening  is,  as  a  rule,  confined  to  spine  and  pelvis.  It  generally 
progresses  rapidly  for  a  time,  then  ends  in  recovery  with  marked 
residual  deformity. 

3.  A  severe  form  occurs  in  pregnant,  puerperal  and  multiparous 
women,  in  boys,  men  and  castrated  women,  which  is  steadily  progressive 
and  shows  no  tendency  toward  recovery,  ending  in  a  marasmic  state. 

In  lower  animals  practically  all  cases  examined  were  of  this  last 
type.  It  occurs  equally  in  male  and  female,  mammal  and  bird.  Up 
to  the  present  time  there  have  been  forty-nine  cases  among  mammals 
and  thirty- four  among  birds.  Considering  the  many  species  of  animals 
exhibited,  the  disease  is  rather  sharply  limited  to  a  very  few  groups. 

TABLE  1. — Cases  of  Osteomalacia  in  Mammals  and  Birds 

MAMMALS 

Cases        Males      Females 

Primates 26  19  7 

Lemurs 4  0  4 

Carnivora  6  4  2 

H3-races 1  0  1 

Rodentia  5  3  2 

Marsupialia   8  5  3 

A^'ES  Cases 

Columbae 12 

Galli 9 

Psittici 6 

Passeres 2 

This  table  shows  that  50  per  cent,  of  all  the  mammals  infected  are 
primates,  and  in  this  order  are  limited  almost  exclusively  to  the  Cebidae. 


*  From  the  Laboratory  of  the  Philadelphia  Zoological  Societj'. 
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Of  the  birds  40  per  cent,  are  doves  (Columbae),  30  per  cent,  are 
pheasants  (Galli),  12  per  cent,  parrots  (Psittici).  In  the  first  two 
groups  the  disease  is  very  extensive,  involving  practically  every  bone 
in  the  body,  and  the  lesions  are  much  more  severe  than  those  found 
in  any  of  the  other  groups  of  animals  or  birds.  Many  other  animals 
exposed  to  exactly  the  same  environmental  condition  show  a  real  or 
apparent  immunity.  Necropsy  findings  are  practically  the  same  in  birds 
and  mammals. 

In  mammals,  the  long  bones  of  the  extremities  are  early  and 
seriously  involved.  They  yield  under  the  weight  of  the  adult  body, 
twist  and  bend,  causing  extraordinary  and  grotesque  deformities.  Very 
soon  the  animal  is  unable  to  stand  (cage  paralysis). 

In  birds,  the  more  serious  lesions  occur  in  the  bones  of  the  thorax, 
ribs  and  sternum.  Claws  and  beak  are  frequently  affected,  often  so 
softened  that  the  bird  is  unable  to  pick  up  seeds. 

The  gross  appearance  of  the  bones  is  again  roughly  similar.  The 
skull  may  be  reduced  to  the  consistency  of  writing  paper,  the  margins 
of  the  bony  plates  are  often  markedly  thinned,  while  centers  show 
irregular  spots  of  thinning  interspersed  with  areas  of  thickening.  In 
one  case,  an  adult  Cebus,  the  skull  was  so  completely  deprived  of 
calcareous  matter  that  it  could  be  twisted.  The  ribs  are  irregularly 
softened.  Thin  translucent  areas  are  found  associated  with  white 
opaque  fusiform  or  nodular  headings,  especially  at  the  costosternal 
junction  and  at  the  epiphyses.  These  headings  are  apparently  efforts 
at  splinting,  occurring  where  the  weakness  from  excessive  bone  absorp- 
tion is  the  greatest.  The  whole  rib  may  be  soft,  the  consistency  of 
soft  rubber,  and  almost  entirely  deprived  of  the  bone  salts.  It  will 
cut  with  scarcely  any  crunch  and  bend  easily  in  the  fingers. 

The  long  bones  show  the  same  irregular  thickening  closely  associated 
with  areas  so  thinned  that  they  are  almost  translucent.  They  are 
usually  distorted  because  of  the  body  weight,  generally  a  forward 
bowing.  Fractures  are  extremely  common;  often  more  than  one  is 
found  at  necrops3^  These  injuries  may  show  no  attempt  whatever 
at  repair,  or  more  often  a  fibrous  or  inadequate  cartilaginous  union. 
In  all  instances  the  deposition  of  bone  salts  is  very  inefficient.  More 
rarely  there  may  be  an  overactive  effort  at  repair,  but  here  also  with 
onlv  a  scanty  deposition  of  bone  salts.  In  the  immediately  adjacent 
areas  there  may  be  marked  subperiosteal  reaction,'  but,  as  a  rule,  the 
periosteum  shows  no  reaction  at  all. 

In  man,  the  small  joints  often  become  deformed  early  and  in  appear- 
ance suggest  an  osteo-arthritis.  Large  joints  may  ankylose.  The 
spine  and  pelvis  are  involved  sooner  or  later,  ending  often  with  a 
total  loss  of  power  over  the  legs. 
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Besides  the  bone  lesions,  there  is  constantly  present  in  these  animals 
a  more  or  less  severe  secondary  anemia,  a  lowered  alkalinity  of  the 
blood  and  a  fermentative  type  of  intestinal  indigestion.  All  show 
slight  dilatation  of  the  stomach,  with  some  atrophy  of  walls.  The 
small  intestines  are  thin  walled,  and  the  accumulation  of  gas  gives  to 
it  a  sausage  appearance.  Lactic  acid  was  found  once  in  the  urine. 
The  kidneys  show  mild  nephritis  changes,  and  in  some,  fatty  degenera- 
tion or  merely  pallor  is  present. 

Microscopically,  the  bones  show  in  every  case  a  more  or  less  pro- 
nounced absorption  of  the  calcareous  salts  (osteoporosis)  and  with 
the  abnormal  bone  absorption  there  is  a  marked  tendency  toward  the 
deposition  of  newly  formed  osteoid  tissue  in  which  calcification  never 
reaches  the  normal.  Sections  show  osteoid  margins  along  each  lamella 
of  bone,  covering  in  the  parts  still  calcified.  Normal  lamellar  arrange- 
ment of  bone  is  sometimes  retained;  usually,  however,  the  bone  cortex 
is  very  thin  with  coarse,  broad  trabeculae,  wide  marrow  spaces  and 
only  the  slightest  tendency  toward  the  formation  of  Haversian  systems. 
Lacunae  and  osteoblasts  may  be  normal  but  contain  little  calcareous 
matter.  Osteoblasts  and  osteoclasts  may  be  few,  equal  in  number,  or 
the  osteoclasts  may  be  unduly  numerous.  Osteophytes  and  Sharpey's 
fibers,  similar  to  those  found  in  osteitis  deformans,  are  frequently 
seen.  Cancellated  tissue  is  often  much  decreased,  especially  at  the 
ends  of  the  long  bones.     In  some  cases  it  has  practically  disappeared. 

The  periosteum  may  be  sharply  marked  off  from  the  bone  cortex ; 
as  a  rule,  it  shows  no  activity  in  its  osteogenetic  layer.  The  sub- 
periosteal bone  may  be  very  thin,  almost  like  paper,  but  normal  in 
appearance.  At  the  junction  of  the  bone  and  the  cartilaginous  rib 
there  is  often  a  thickening,  seemingly  from  the  periosteum.  Endo- 
chondral bone  formation  at  the  epiphysis  is  usually  abnormal,  as  shown 
by  its  irregularity  of  foci  and  extremely  large  intratrabecular  spaces ; 
osteoblasts  are  numerous.  The  marrow  cavity  is  wide  and  filled  with 
red  more  or  less  edematous  marrow.  The  bone  marrow  is  very  much 
like  that  found  in  aplastic  anemias.  It  is  generally  scanty  and  collected 
near  the  ends  of  the  bones.  Bone  shows  active  removal  of  old  tra- 
beculae by  means  of  numerous  osteoclasts,  and  the  production  of 
fibroblasts,  some  of  which  dift'erentiate  into  bone  cells  for  forming 
new  trabeculae  in  which  only  scanty  amounts  of  lime  are  deposited. 
Rarely  ever   is   normal  bony  architecture   reproduced. 

An  analysis  of  the  bones  shows  a  marked  diminution  in  the  amount 
of  calcium  and  an  excess  of  sulphur  and  magnesium.  Metabolic  studies 
show  a  loss  of  calcium  primarily  in  the  feces,  but  also  a  marked 
increase  in  the  calcium  output  in  urine,  with  the  retention  of  sulphur 
and  magnesium.  A  salt  metabolism  of  one  monkey  was  attempted  on 
four  four-day  periods,  which  showed  a  high  calcium  and  phosporus 
loss  with  a  moderate  magnesium  and  sulphur  retention. 
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No  hypothesis  yet  advanced  satisfactorily  explains  the  observed 
facts.  The  one  most  generally  accepted  is  Fehling's  ^  theory,  based  on 
Forchier's  observation  that  osteomalacic  women  were  improved  or 
cured  by  the  removal  of  the  ovaries.  His  idea  was  that  the  disease  was 
due  to  a  hyperfunction  of  the  internal  secretion  of  the  ovaries,  which 
produced  a  sympathetic  paralysis  of  the  vasomotor  system,  which,  in 
turn,  caused  a  hyperemia  of  the  bones  and  a  consequent  abstraction 
of  calcium.  Careful  examination  of  our  autopsy  material  failed  to 
reveal  any  specific  or  distinct  lesion  in  the  ovaries,  or  in  any  of  the 
ductless  glands.  All  were,  however,  apparently  smaller  than  glands 
usually  found,  with  the  exception  of  the  adrenals,  which  were  either 
normal  in  size  or  larger,  and  in  two  cases  much  congested.  Minor 
changes  were  noted  in  the  thyroid  in  a  few  instances.  Ovaries  and 
testicles  were  grossly  normal  in  appearance.  Microscopically,  sper- 
matazoa  were  found  to  be  much  reduced  in  numbers. 

The  second  theory  of  origin  was  that  in  some  manner  the  alkalinity 
of  the  blood  was  decreased,  which  permitted  the  lime  salts  to  go  into 
solution.  This  decreased  alkalinity  might  be  due  to  (1)  a  primary 
ductless  gland  disorder,  especially  a  dysfunction  of  those  glands  which 
in  some  manner  were  concerned  with  bone  metabolism;  (2)  a  loss  of 
alkali;  (3)  an  excessive  acidity,  either  the  result  of  a  predominantly 
acid  fomiing  diet,  or  due  to  an  excessive  production  of  acid  in  the 
body.  These  factors  might  act  independently  or  in  coalition,  and  might 
act  directly  or  indirectly  through  their  influence  on  the  ductless  glands. 
The  absorption  and  deposition  of  salts  are  dependent  on  the  chemical 
equilibrium  of  the  cells,  and  slight  shif tings  of  the  acid  base  equilibrium 
of  the  cells  in  either  direction  may  be  sufficient  to  cause  extensive 
lesions. 

In  favor  of  this  view  are  many  observations  and  experiments. 
Virchow  ^  described  deposits  of  calcium  in  the  organs  of  people  dying 
of  osteosarcoma,  osteomalacia  and  other  disease  states  in  which  there 
is  excessive  bone  absorption.  These  deposits  were  found  in  all  organs, 
but  especially  those  excreting  an  acid  into  their  cavities — lungs,  stomach 
and  kidneys.  In  these  organs  there  was  no  evidence  of  diffuse  necro- 
biosis previous  to  the  deposit  of  the  Hme  salts.  It  seems  probable, 
therefore,  that  the  calcium  was  precipitated  into  the  normal  organ 
because  the  excretion  of  the  acid  in  these  parts  left  the  tissue  fluids 
relatively  more  alkaline  and  less  able  to  hold  the  same  amount  of 
calcium   in  solution.     Pawlow  ■■   found  a  bone  condition  very  similar 


1.  Fehling:     Ueber    Wesen    und    Behandlung    der    Osteomalazie,    Arch.    f. 
Gynaek.  28:1890;  29:1891. 

2.  Virchow:    Virchows  Arch.  f.  path.  Anat.  197:112,  1909. 

3.  Pawlow,  cited  by  Babkin :    Ztschr.  f.   Stoffwechsel  11:561,   1910. 
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to  osteomalacia  in  dogs,  in  which  a  pancreatic  fistula  was  continued 
for  long  periods.  Here  there  was  a  constant  loss  of  alkali  through 
the  fistulas,  and  the  body  alkalis  had  to  be  utilized  for  neutralization 
of  the  acid  production. 

Diet  has  at  various  times  been  proposed  as  a  factor,  at  least,  in 
the  production  of  this  condition.  This  idea  has  gained  considerable 
weight  through  the  increase  of  the  number  of  cases  recorded  from 
famine  districts  and  parts  of  Central  Europe  where  the  dietary  is 
restricted  and  unbalanced.  Voit  *  fed  pigeons  for  one  year  on  diets 
very  poor  in  calcium,  with  clinically  no  ill  effects,  but  found  at 
necropsy  marked  wasting  of  the  sternum  and  skull. 

In  adults  a  poor  calcium  diet  can  be  continued  for  long  periods 
without  any  apparent  ill  effect,  because  the  losses  from  the  blood  and 
soft  tissues  can  be  replaced  from  the  bones.  In  the  young,  however, 
poor  calcium  diets  very  promptly  cause  weakness  and  flexibility  of 
the  bones. 

During  pregnancy  the  calcium  requirements  of  the  animal  are 
m.arkedly  increased.  Steenbock  and  Hart  ^  found  that  the  production  of 
milk  made  heavy  drains  on  the  skeleton,  unless  the  amount  of  calcium 
and  phosphorus  contained  in  the  food  was  abundant.  Forbes  and 
Beegle "  also  noted  that  calcium  was  often  lost  when  the  animal  was 
storing  nitrogen.  Steenbock  '^  and  his  associates  have  produced  osteo- 
malacia in  cattle  by  feeding  them  "shorts,"  a  diet  high  in  magnesium 
but  otherwise  well  balanced.  Sherman  and  Gettler  ®  found,  on  a  diet 
giving  a  high  acid  ash,  as  rice  and  potatoes,  that  33  per  cent,  of  the 
acidity  could  be  accounted  for  by  increased  ammonia  production  and 
about  40  per  cent,  by  the  increased  acidity  of  the  urine,  leaving  a 
remainder  which  must  be  eliminated  or  neutralized  by  sodium  or  potas- 
sium carbonate  of  blood  or  other  fixed  alkali.  Etienne  ^  found  that 
excess  of  magnesium  in  an  otherwise  well  balanced  food  apparently 
caused  a  continual  loss  of  calcium.  Schiflf  and  Strausk}'  injected  sub- 
cutaneously  a  magnesium  salt  and  produced  a  marked  increase  in 
calcium  output  in  urine  and  a  diminution  in  calcium  retention.  In 
children  after  weaning,  calcium  disturbances  are  frequent  and  often 
are  due  to  disorders  of  digestion  and  obscure  irregularities  of  nutrition. 
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From  these  observations  and  experiments,  it  seemed  advisable,  first, 
to  examine  carefully  the  diet  of  the  Cebidae  monkeys,  in  which  family 
the  disease  was  most  prevalent  and  most  severe.  The  food  of  these 
monkeys,  two  bananas  or  two  apples  or  six  small  sweet  potatoes,  with  a 
portion  of  boiled  rice  about  the  size  of  an  egg;  occasionally  bread,  pea- 
nuts and  lettuce.  This  diet  was  studied  first,  for  the  amount  of  essential 
protein,  fat,  carbohydrate  and  ash;  then,  for  the  general  character  of 
the  protein  and  ash;  and  third,  for  the  ability  of  this  entire  diet  and 
of    each   of    its   constituents  to   maintain   normal   growth,   health   and 


\iomKL_ 


The  average  growth  curves  are  plotted  for  the  entire  time  on  which  the 
rats  were  fed  the  separate  constituents  of  this  diet  and  they  are  compared  with 
the  curve  of  normal  rats  on  a  well  balanced  diet  and  with  rats  on  the  complete 
diet  fed  to  these  monkeys. 


reproduction.  A  diet  is  considered  normal  when  it  maintains  a  normal 
weight  curve,  gives  a  normal  immunity  to  disease,  allows  completion 
of  a  normal  span  of  life,  and  allows  normal  breeding  of  healthy  young 
that  shall  be  vigorous  when  weaned. 

Analysis  of  this  diet  computed  from  Atwater's  tables  and  by  actual 
analysis  of  the  amounts  of  food  consumed  by  the  animal  in  four  four- 
day  periods  gave:     fl)   Protein  low  in  quantity  and  poor  in  quality; 
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especially  low  in  phosphorus  content.  (2)  Fat  very  low.  (3)  Carbo- 
hydrate very  high,  almost  eleven  times  the  value  of  all  other  ingredients. 
(4)  Ash  decidedly  low  and  predominantly  acid.  Further  analysis  of  this 
ash  showed  only  a  trace  of  calcium  and  phosphorus  and  iron ;  only  a 
small  amount  of  sodium  and  potassium ;  sulphur  and  magnesium  were 
slightly  higher.  (5)  Vitamins  A,  B  and  C  were  present  in  extremely 
small  amounts.  Vitamin  A  was  exceptionally  deficient  and  in  the 
rations  of  some  days  was  entirely  lacking. 

The-  accompanying  graph  shows  the  effects  of  the  separate  constit- 
uents of  this  diet  and  the  diets  as  a  whole  on  the  growth  and  nutriti-ve 
balance  of  rats.  Rats  were  chosen  for  this  study  because  they  were 
susceptible,  and  the  only  animal  for  which  we  have  normal  standards 
for  comparison.  Lettuce,  corn  and  apples  did  not  support  life ;  bananas 
gave  little  growth  with  no  reproduction,  but  life  continued  for  a  con- 
siderable length  of  time.  Eggs  were  extremely  detrimental  to  the 
health  of  rats,  causing  diarrhea  with  many  fatty  acids  in  the  stool, 
eczema  and  early  death.  Sweet  potatoes  caused  distention  of  the 
abdomen,  sore  eyes,  diarrhea  with  frothy  stools,  rough  coarse  fur, 
hump  back,  no  breeding  and  considerable  atrophy  of  testicles.  Rice 
produced  a  loss  of  weight,  constant  diarrhea,  hump  back,  swollen 
joints,  sore  eyes  and  no  breeding.  With  bread  the  general  condition 
was  good ;  weight  curve  depressed  and  diarrhea  frequent.  Reproduc- 
tion was  much  reduced.  The  young  died  or  were  eaten  by  parents 
before  weaning.  With  peanuts  the  eyes  were  sore,  a  diarrhea  frequent, 
but  coat  was  fair  and  general  condition  good.  The  rats  bred  poorly 
and  the  young  all  died  before  weaning.  In  other  words,  not  any  con- 
stituent of  the  diet  was  able  in  itself  to  support  life  and  health.  The 
entire  diet  gave  a  generally  good  condition,  with  a  moderate  depression 
of  weight,  immunity  and  breeding.  Frothy  diarrhea  was  present  in 
most  of  the  rats  at  some  time  during  the  experiment,  and  in  some  was 
constant.  Litters  were  vigorous  at  birth  but  were  always  eaten  by  the 
parents. 

A  second  series  of  rats  was  subjected  to  the  principal  ingredients 
of  this  diet  for  one  month  and  was  then  fed  with  additional  food 
which,  theoretically,  should  replenish  the  deficient  diet  and  make  it 
adequate,  as  shown  by  resumption  of  normal  growth  curve. 

Table  2  shows  the  additions  necessary  for  corrections  of  the  separate 
ingredients  of  the  diet. 

The  complete  diet  was  rendered  adequate  by  the  addition  of  fresh, 
whole  milk  and  leafy  vegetables,  or  by  butter  fat,  salt  mixture  and 
leafy  vegetables. 

In  this  monkey  diet  several  factors  are  of  importance:  (1)  Low 
vitamin  content,  especially  vitamin  A,  factors  which  are  essential  for 
life  and  growth.      (2)   A  high  carbohydrate  diet  which  on  oxidation 
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TABLE  2. — Correction  of  Diet  Ingredients 

DIET  corrected     BY 

Rice casein,  salt  mixture,  carrots  or  lettuce,  butter  fat. 

Bread  casein,  butter  fat,  salt  mixture,  especially  phosphorus. 

Potato salt  mixture,  especially  sodium  chlorid  and  calcium  carbonate. 

Raw  peanuts  ..salt  mixture. 

Bananas casein,  yeast  or  carrots. 

Corn casein,  tryptophan,  lactalbumen. 

Egg    detrimental  to  rats  ;  no  recovery. 

Apple casein  or  gelatin,  butter  fat. 

Onion casein  or  gelatin,  butter  fat. 

yields  an  acid  ash  and  which  favors  the  growth  of  intestinal  bacteria 
producing  acid  and  gas.  The  acid  from  these  two  sources  must  be 
neutrahzed  either  by  the  alkahs  derived  from  food  or  from  the  body 
storage.  This  diet,  however,  is  abnormally  low  in  ash,  and  especially 
in  the  alkaline  salts  of  the  ash,  therefore  making  it  an  ideal  diet  for 
the  production  of  osteomalacia. 

The  full  significance  of  predominantly  acid  forming  diets  has  only 
lately  been  fully  recognized,  especially  as  they  afifect  protein  storage, 
and,  therefore,  growth  and  recuperation  by  deflecting  the  nitrogen  and 
draining  the  body  alkalies.  Goto  shows  that  in  experimental  acidosis 
the  carbonates  are  first  called  on,  next,  the  alkali  phosphates,  partic- 
ularly the  potassium  phosphate  of  muscles  and  calcium  carbonate  of 
bones. 

The  main  service  of  milk  is  probably  due  to  its  alkaline  residue 
when  oxidized  in  the  body,  and  its  plentiful  supply  of  calcium,  iron 
and  vitamins. 

This  diet  is  deficient  in  those  salts  that  were  lacking  in  the  bones 
of  the  monkey  and  which  the  animal  was  excreting  in  excess  of  its 
intake,  possibly  because  of  the  excess  of  magnesium. 

This  ration  at  best  would  only  keep  the  animal  in  calcium  and 
phosphorus  equilibrium,  and  any  upset  making  even  the  slightest 
demand  on  its  alkaline  storage  would  be  sufficient  to  set  up  a  faulty 
metabolism. 

CONCLUSIONS 

It  would  seem  that  in  this  inefficient  diet  lies,  if  not  the  cause  of 
osteomalacia,  at  least  a  very  potent  factor  in  its  production. 

1.  The  disturbance  of  the  calcium  and  phosphorus  metabolism  may 
be  due  primarily  to  the  deprivation  of  the  alkaline  salts  from  the  diet 
(famine  osteomalacia)  ;  or,  second,  to  a  drain  from  the  alkaline  storage 
of  the  body,  associated  with  a  deficient  diet,  as  in  the  cases  of  osteo- 
malacia of  pregnancy  and  lactation;  or,  third,  in  the  combined  action 
of  a  diet  faulty  in  more  than  its  salt  content,  which,  by  the  production 
of   acid   in   its   oxidation   and   by    favoring  the   development   of    acid 
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forming  bacteria,  causes  a  drain  of  the  body  alkali  for  the  neutralization 
of  this  acid;  or,  fourth,  and  this  is  more  probable,  especially  in  the 
severe  form,  it  is  due  to  the  combination  of  all  these  factors  acting 
upon  the  ductless  glands  and  through  them  altering  definitely  the 
inorganic  metabolism. 

2.  In  severe  osteomalacia  the  power  to  retain  and  absorb  calcium 
and  phosphorus  is  practically  lost,  while  in  the  cases  developing  during 
famine,  and  in  pregnancy  and  lactation,  this  power  is  retained.  These 
subjects  immediately  recover  when  calcium  and  phosphorus  are  pre- 
sented in  usable  form.  This  permanent  loss  of  power  to  absorb  or 
retain  calcium  and  phosphorus  can  be  explained  only  by  some  definite 
changes  in  the  endocrine  balance. 

3.  It  is  important,  also,  that  while  this  disease  is  very  common 
among  the  Cebidae  it  has  never  been  found  among  our  Macaques. 
This  may  be  due  to  the  fact  that  owing  to  the  storage  sacs  in  the 
mouth  of  the  Macaques  more  food  proportional  to  body  weight  is 
consumed ;  and  to  a  probable  essential  difference  in  the  basal  metabolism 
of  these  families  and  individuals.  All  the  factors  enumerated  do 
tax  the  metabolic  resources  of  the  body  and  depress  the  functions  of 
the  endochrine  glands.  Detailed  and  accurate  quantitative  studies  of 
normal  metabolism  and  their  effect  on  the  ductless  glands  will  alone 
give  a  more  definite  answer  to  the  problem.  The  starting  point  of 
treatment  must  be  a  diet  adequate  in  vitamins  and  containing  a  proper 
inorganic  balance. 


THE    ALKALI    RESERVE    IN    "ROENTGEN-RAY 
SICKNESS"* 

ROSS     GOLDEN.     M.D. 

BOSTON 

Ever  since  the  introduction  of  roentgenotherapy  in  medicine,  consti- 
tutional reactions  following  irradiation  have  been  observed.  These 
reactions  are  manifested  clinically  by  symptoms  which  may  appear 
any  time  after  irradiation,  from  a  few  minutes  to  a  day  or  more,  usually 
from  four  to  six  hours,  and  which  may  run  the  gamut  from  slight 
headache  and  malaise,  anorexia,  nausea  and  vomiting  to  complete 
prostration,  compelling  the  patient  to  remain  in  bed  two  or  three  days. 
Ordinarily,  the  symptoms  subside  in  a  few  hours. 

The  exact  cause  of  these  manifestations  is  not  known.  Several 
theories  as  to  their  origin  have  been  offered,  the  merits  of  which,  with 
one  exception,  it  is  not  the  purpose  here  to  discuss.  Lange,^  on  the 
basis  of  the  fact  that  the  administration  of  sodium  bicarbonate  seemed 
to  ameliorate  or  to  prevent  the  onset  of  postirradiation  symptoms,  sug- 
gested that  acidosis  might  be  the  cause.  It  is  assumed  that  the  term 
"acidosis"  was  used  in  the  ordinary  sense  as  meaning  a  lowered  alkali 
reserve.  This  theory  appeared  to  have  some  experimental  substantia- 
tion in  the  work  of  Denis,  Martin  and  Aldrich.^  These  workers  showed 
that  a  large  dose  of  roentgen  rays,  lethal  when  applied  over  ,the 
abdomen  of  rabbits,  was  not  fatal  when  applied  over  the  chest  or  legs 
with  the  abdomen  protected,  and  that  the  blood  of  the  former  animals 
showed  a  lowered  alkali  reserve.  They  state,  "The  results  suggest  the 
hypothesis  that  acidosis  may  be  a  factor  in  'treatment  sickness'  follow- 
ing abdominal  irradiation."  However,  as  they  point  out,  the  dose 
applied  over  the  abdomen  of  these  animals  was  large  enough  to  be 
fatal,  about  five  times  the  amount  usually  given  any  one  portion  of  a 
patient's  body,  and,  whereas  clinical  "treatment  sickness"  appears  a 
few  hours  after  irradiation,  no  objective  symptoms  appeared  in  the 
rabbits  for  several  days.  It  should  also  be  noted  that  the  reduction  in 
alkali  reserve  in  these  experiments  did  not  occur  for  several  days  after 
irradiation  and  that  the  most  marked  lowering  seemed  to  be  a  terminal 
affair. 


*  From  the  Department  of  Medicine,  Harvard  Medical  School,  and  the  Medi- 
cal Service  of  the  Peter  Bent  Brigham  Hospital. 

1.  Lange,   S. :    The  Cause  and  Prevention   of  the   Constitutional   Symptoms 
Following  Deep  Roentgen  Therapy,  Am.  J.  Roentgenol.  3:356,   1916. 

2.  Denis,  W. ;  Martin,  C.  L.,  and  Aldrich.  M. :  A  Study  of  the  Relative  Toxic 
Effects  Produced  by  Regional   Radiation,  Am.  J.  M.  Sc.  160:555,  1920. 
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Following  the  intravenous  injections  of  radium  deposit  in  dogs, 
Theis  and  Bagg  ^  found  that  the  nitrogen  elimination  was  increased 
and  that  examination  of  the  nitrogen  partition  showed  that  ammonia 
was  increased  proportionally  more  than  urea,  suggesting  an  acidosis. 
It  is  of  interest  that  these  dogs  manifested  symptoms  very  similar  to 
those  following  heavy  roentgenotherapy. 

During  the  fall  and  winter  of  1920-1921,  numerous  patients  in  the 
roentgen-ray  treatment  clinic  of  Dr.  George  W.  Holmes  at  the  Massa- 
chusetts General  Hospital  were  advised  to  take  sodium  bicarbonate  for 
the  nausea  following  treatment.  No  definite  benefit  seemed  to  result. 
Similar  observations  were  recorded  by  Pfahler.*  In  December,  1920, 
an  opportunity  presented  itself  to  study  the  reaction  of  the  blood  of 
a  patient  undergoing  irradiation.  A  man  (J.  J.  M.,  W.  S.  239,973, 
aged  28)  with  metastatic  carcinoma  of  the  peritoneum  and  mesentery 
of  unknown  origin  (operative  diagnosis),  who  had  received  frequent 
roentgen-ray  treatments  during  the  preceding  seven  months,  was  read- 
mitted to  the  West  Surgical  Service  of  the  Massachusetts  General 
Hospital  in  order  to  keep  him  under  observation  while  undergoing 
intensive  roentgen  therapy.  This  patient  usually  had  nausea  and  vomit- 
ing after  irradiation  and  was  sometimes  compelled  to  remain  in  bed 
during  the  reaction.  Dec.  14,  1920,  three  days  after  a  treatment  over 
an  abdominal  area,  venous  blood  was  drawn  into  a  test  tube  containing 
a  crystal  of  potassium  oxalate.  The  carbon  dioxid  combining  power 
of  the  plasma  was  determined  by  Miss  Margaret  Woodwell  in  the 
laboratory  of  Dr.  J.  H.  Means  and  found  to  be  78.5  volumes  per  cent. 
December  15  another  abdominal  area  was  irradiated.  About  three 
hours  later,  during  the  postirradiation  nausea,  venous  blood  was  drawn 
in  the  same  way  and  the  carbon  dioxid  combining  power  of  the  plasma 
found  to  be  80  volumes  per  cent.  About  twenty-six  or  twenty-eight 
hours  after  the  next  treatment,  the  carbon  dioxid  dissociation  curve  of 
the  blood  of  this  patient  was  determined  by  Dr.  J.  H.  Means  and 
Dr.  A.  L.  Barach,  to  whom  I  am  greatly  indebted  for  this  data,  and 
the  hydrogen-ion  concentration  was  found  to  be  normal  (p-R.  7.35). 
The  carbon  dioxid  content  of  the  arterial  blood  f whole  blood)  was 
54.5  and  that  of  the  venous  blood  60  volumes  per  cent.  Another  patient 
(F.  C.,  W.  S.  237,990,  jnale,  aged  32)  with  metastatic  melanosarcoma, 
who  had  received  frequent  heavy  treatments  over  the  abdomen  for  five 
months,  showed  a  plasma  carbon  dioxid  combining  power  of  80  volumes 
per  cent.,  the  blood  being  taken  in  oxalate  one  half  hour  after  irradia- 
tion before  nausea  had  begun. 

3.  Theis,  R.  C,  and  Bagg,  H.  J.:  Effect  of  Intravenous  Injections  of  Active 
Deposit  of  Radium  on  Metabolism  in  the  Dog,  T.  Biol.  Chem.  51:525,  1920. 

4.  Pfahler,  G.  E. :  The  Cause  and  Prevention  of  the  Constitutional  Effects 
Associated  with  the  Massive  Doses  of  Deep  Roentgen  Therapj',  Am.  J. 
Roentgenol.  5:5,  1918. 
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The  results  on  these  two  patients  indicated  that  there  was  no  fall  in 
the  alkali  reserve  after  irradiation.  In  fact,  the  figures  for  the  plasma 
carbon  dioxid  combining  power  are  unusually  high,  as  both  7o  and 
80  volumes  per  cent,  have  been  recorded  as  the  upper  hmits  of  normal. 
To  secure  more  evidence,  animal  experiments  were  planned  with  the 
idea  of  determining  whether  or  not  relatively  moderate  doses  of 
roentgen  rays  were  followed  by  the  clinical  signs  of  "treatment  sick- 
ness" and  bv  a  lowering  of  the  alkali  reserve  of  the  bloody  These 
experiments  were  carried  out  during  the  fall  and  winter  of  1921-19^^ 
at  the  Peter  Bent  Brigham  Hospital.  Further  clinical  observations 
were  made  as  opportunities  presented  themselves. 

The  plasma  carbon  dioxid  content  of  two  dogs  receiving  weekly 
irradiations  was  studied  over  a  period  of  about  three  months.     Dog  1 
was  a  black  and  white  mongrel  weighing   12  kilos.     Dog  2  was  of 
airedale  extraction,  not  quite  full  grown,  and  weighing  10.3  kilos.    Dog  3, 
a  yellow  mongrel  weighing  11  kilos,  was  kept  as  a  control  under  the 
same  conditions  as  the  other  two  dogs  and  received  no  radiation  until 
this  experiment  was  finished,  as  described  below.     The  radiation  was 
applied  over  the  upper  part  of  the  abdomen  for  the  first  two  or  three 
times  and  then  alternately  over  the  back  and  over  the  upper  abdomen, 
alwavs  involving  the  viscera  of  the  upper  two-thirds  of  the  abdomen. 
The  'ravs  were  produced  by  a  broad  focus  Coolidge  tube  activated  by 
an   interrupterless   Victor-Snook   transformer,   using  a   spark   gap   of 
9  inches  between  spheres,  a  filter  of  5  mm.  of  aluminum  and  a  target- 
skin  distance  of  8  inches.     With  this  setting  50  milliampere  were  at 
first  -iven  to  both  dogs.     This  quantity  of  radiation  was  sufficient  to 
make^Dog  1  vomit  once  or  twice  in  two  or  three  hours  and  to  refuse 
food     Dog  2  on  two  trials  with  50  ma.  minutes  and  one  with  60,  gave 
no  evidence  of  a  reaction.     However,  75  ma.  minutes  were  sufficient 
with  one  exception,  to  make  him  vomit  once.     The  ammals  were  bled 
from  the  external  jugular  vein  at  varying  intervals  after  irradiation, 
the  blood  being  collected  under  liquid  petrolatum  in  a  tube  containing 
a  crystal  or  two  of  potassium  oxalate.     It  was  then  transferred  to  a 
centrifuge  tube  and  centrifuged  under  oil.     The  carbon  dioxid  con- 
tent of  the  plasma  was  determined  by  Van  Slyke's  method  (1917).^ 

The  blood  bicarbonate  in  dogs  apparently  has  lower  normal  limits 
than  in  man.  Hjort  and  Taylor^  found  the  plasma  carbon  dioxid 
combining  power  of  apparently  normal  dogs  to  vary  from  42.9  to  6/.^ 
volumes  per  cent,  in  twenty-four  animals.  The  blood  was  not  manipu- 
lated under  oil  and  the  plasma  was  equilibrated  with  air  containing 
5.5  per  cent,  carbon  dioxid.     I  found  that  the  plasma  of  dog  blood 

c  tt;„.+  a  M  anri  Tavlor  F  A.:  The  Eflfect  of  Morphin  on  the  Alkali 
Refer"'  of\he  Bliod  of  DoSs'  Gassed  with  Fatal  Concentrations  of  Chlor.n. 
J.  Pharmacol.  &  Exper.  Therap.  13:497,  1919. 
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taken  and  centrifuged  under  oil  gave  off,  on  the  average,  from  7  to  8 
volumes  per  cent,  more  carbon  dioxid  after  equilibration  with  my  own 
alveolar  air  than  before,  i.  e.,  the  actual  carbon  dioxid  content  of  dog 
plasma  was  from  7  to  8  volumes  per  cent,  less  than  the  carbon  dioxid 
combining  power  when  equilibrated  with  presumably  normal  human 
alveolar  air.  In  view  of  the  reaction  which  takes  place  between  plasma 
and  corpuscles  when  carbon  dioxid  is  lost  from  the  blood,  which  results 
in  a  slight  decrease  in  the  amount  of  plasma  bicarbonate,  and  in  view 
of  the  subsequent  equilibration  with  carbon  dioxid  at  about  the  tension 
of  human  alveolar  air,  the  method  used  by  Hjort  and  Taylor  undoubt- 
edly gave  figures  slightly  higher  than  the  actual  plasma  carbon  dioxid 
content.  In  several  determinations  of  the  plasma  carbon  dioxid  content 
of  two  normal  dogs,  the  blood  being  collected  under  oil.  Gauss  ^  found 
one  43.8  volumes  per  cent,  and  one,  when  the  animal  was  excited,  as 
low  as  40.9  volumes  per  cent.  Therefore,  one  could  hardly  say  that 
the  alkali  reserve  of  dog  blood  was  below  normal  limits  unless  the 
carbon  dioxid  content  of  plasma  handled  under  oil  went  below  40 
volumes  per  cent.,  which  is  probably  a  conservative  estimate. 

Two  preliminary  determinations  of  the  carbon  dioxid  content  of 
the  plasma  were  made  before  any  radiation  was  given.  On  Dog  1 
the  second  of  these  and  the  first  after  irradiation  was  begun  were  not 
made  with  the  animal  fasting.  Chanutin  ^  has  shown  that  the  ingestion 
of  a  quantity  of  meat  raises  the  carbon  dioxid  combining  power  of  dog 
plasma  from  5  to  9  volumes  per  cent.,  the  peak  coming  anywhere  from, 
one  to  four  hours  after  the  feeding.  The  remainder  of  the  observations 
were  made  with  the  animals  fasting,  except  for  the  last  on  Dog  1, 
just  before  he  was  etherized,  as  necropsy  showed  the  stomach  to  be 
full  of  undigested  meat.  This  final  observation,  nine  days  after  the 
last  irradiation,  was  the  only  one  in  which  the  alkali  reserve  was 
lowered  definitely  below  the  normal  and  was  probably  due  to  a  terminal 
acidosis.  The  results  are  recorded  in  Tables  1  and  2.  There  was  no 
evidence  that  irradiation  lowered  the  alkali  reserve,  whether  vomiting 
occurred  or  not.  Table  3  gives  the  observations  made  at  intervals  on 
the  plasma  carbon  dioxid  content  of  Dog  3,  the  control  animal. 

To  determine  whether  or  not  even  a  slight  reduction  in  the  alkali 
reserve  occurred  during  the  hours  following  irradiation,  a  supple- 
mentary experiment  was  run  with  Dog  3  as  the  subject.  With  the 
animal  fasting,  four  control  observations  on  the  plasma  carbon  dioxid 
content  were  made  at  intervals  on  March  1,  1922,  and  one  on  the  morn- 
ing of  March  2.     As  shown  in  Table  4,  there  was  a  slight  fall  which 
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6.  Gauss,  H. :  The  Effect  of  Morphin  on  the  Alkali  Reserve  of  the  Blood  of 
Man  and  Certain  Animals,  J.  Pharmacol.  &  Exper.  Therap.  16:475,  1920. 

7.  Chanutin,  A. :  Animal  Calorimetf}- — The  Influence  of  the  Ingestion  of 
Meat  and  of  Glycine  and  Alanine  on  the  Carbon  Dioxid  Combining  Power  of 
Blood  Plasma,  J.  Biol.  Chem.  49:485,  1921. 
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TABLE    1. — Observations   on   the    Plasma    Carbon    Dioxid    Content 
OF  Dog   1   After  Irr.\diation 


Quantity 

Bled  After 

Plasma  CO2 

Weight  in 

Date 

of  Radia- 

Reaction 

Irradiation, 

Content, 

Kilos 

tion* 

Hours 

Vol.  per  Cent. 

10/10/21 

0 

53.8 

10/13/21 

0 

61.9 

12.0 

10/17/21 

50 

Vomited 

Not  bled 

10/25/21 

50 

Vomited 

18 

65.6 

10/31/21 

50 

Vomited 

6 

47.8 

11/  7/21 

50 

Vomited 

3 

52.5 

11/14/21 

75 

Vomited 

3^ 

49.4 

11/21/21 

75 

Vomited 

2 

49.2 

11/28/21 

75 

Vomited 

4 

58.9 

12/  5/21 

75 

Vomited 

3 

49.6 

12/12/21 

75 

None 

2% 

64.6 

10.3 

12/19/21 

40 

None 

2% 

67.9 

12/26/21 

0 

55.4 

9.0 

1/  2/22 

50 

None 

2 

58.4 

1/  9/22   ■ 

40 

None 

3 

49.5 

7.5 

1/18/22 

0 

Bled  just 

36.4t 

6.4 

before 

etherization 

*  In  millianipere-minutes  ivith  a  target-skin  distance  of  8  inches,  a  spark  gap  of 
9  inches  (between  spheres)  and  a  filter  of  5  mm.  of  aluminum.  The  radiation  was  applied 
either  over  the  upper  abdomen  or  over  the  back  in  such  a  way  that  the  viscera  of  the 
upper   two-thirds  of  the  abdomen  were  involved  each  time. 

t  Only  at  the  last  observation  was  the  plasma  carbon  dioxid  content  reduced  below 
the  normal.  As  this  was  made  nine  days  after  the  last  irradiation  when  the  animal  was 
extremely  weak,  it  was  thought  to  be  a  terminal  acidosis,  not  related  directly  to  the 
irradiation. 


TABLE  2. — Observations  on   the  Plasma   Carbon   Dioxid  Content 
OF  Dog  2  After  Irradiation 


*  In  milliampere-minutes    as   described   under   Table   1. 

t  No  reduction  of  the  plasma  carbon  dioxid  content  below  the  normal  was  found. 


TABLE  3. — Observations  on  the  Plasma  Carbon  Dioxid  Content  of  Dog  3  * 


Date 

Plasma  CO2  Content, 
Vol.  per  Cent. 

Weight  in  Kilos 

10/11/21 

53.4 
44.8 
52.0 
51.6 
51.9 
51.5 

10/17/21 

11.0 

12/16/21 

11.7 

12/23/21 

12/30/21 

12.1 

1/  6/22 

*  This  animal  was  not  irradiated  during  this  period, 
the  same  conditions  as  the  other  two. 


He  was  kept  as  a  control  under 
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possibly  was  related  to  the  fast.  On  the  morning  of  March  8,  the 
fasting  animal  was  given  an  irradiation  of  75  ma.  minutes  with  the 
setting  described  above.  He  was  bled  at  intervals  of  approximately  two 
hours  during  the  day  and  once  the  following  morning,  the  first  bleeding 
being  made  about  an  hour  and  a  quarter  after  irradiation  when  he 
was  showing  evidences  of  nausea.  One  and  three-quarters,  three  and 
one-half  and  four  and  one-half  hours  after  irradiation  he  vomited  a 
colorless  watery  material  containing  no  free  hydrochloric  acid.  During 
this  period  he  was  noticeably  inactive.  About  six  hours  after  the  treat- 
ment he  became  more  lively  and  in  a  short  time  he  appeared  to  be  quite 
normal.    The  experiment  was  repeated  April  3  with  practically  the  same 


TABLE  4.- 


-Observatioxs  ox  the  Plasma  Carbon  Dioxid  Context  of  Dog  3 
Made  at  Intervals  After  Irradiation* 


Plasma  CO2 

Weight  in 

Date 

Time  of  Bleeding 

Content, 
Vol.  per  Cent. 

Eilos 

Remarks 

3/1/22 

9:50  a.m. 

52.0 

11.1 

Animal  fasting;  no  roentgen 

11:50  a.m. 

48.3 

ray 

2:15  p.m. 

49.1 

3:45  p.m. 

48.3 

3/2/22 

9:30  a.m. 

46.2 

3/8/22 

9:15  a.m. 

49.6 

Animal      fasting;      roentgen 

11:10  a.m. 

56.4 

ray,  75  ma.-min.   over  ab- 

1:20 p.m. 

54.9 

domen    ending    7:55    a.m.: 

3:30  p.m. 

50.8 

vomited    watery    material 

5:05  p.m. 

49.0 

at  9:35,  11:30  and  12:30; 
vomitus  contained  no  free 
HCl 

3/9/22 

9:15  a.m. 

51.8 

4/3/22 

9:15  a.m. 

53.5 

10.5 

Animal     fasting;     roentgen 

11:10  a.m. 

56.7 

ray,  75  ma.-min.,  over  ab- 

1:20 p.m. 

56.5 

domen    ending    8:15    a.m.; 

3:05  p.m. 

50.6 

vomited    watery    material 

5:05  p.m. 

52.7 

at  9:30,  11:00  and  12:30; 
free  H  CI  present  in  speci- 
men at  9:30  a.m. 

4 '4/22 

9:15  a.m. 

52.5 

•  The  setting  for  the  irradiation  was  as  described  under  Table  1.  The  figures  show  a 
slight  rise  instead  of  a  fall  in  the  plasma  carbon  dioxid  content  during  the  first  few  hours 
after  irradiation. 


result,  except  that  the  first  vomitus  contained  free  hydrochloric  acid. 
It  will  be  seen  in  Table  4  that,  on  both  occasions,  the  plasma  carbon 
dioxid  content,  instead  of  diminishing  during  the  reaction,  rose  slightly 
and  then  fell  slightly  below  the  first  figure. 

Aside  from  the  question  of  the  alkali  reserve,  it  may  be  of  interest 
to  record  other  facts  obser\-ed  during  the  experiments.  Epilation  of 
hair  with  desquamation  of  the  skin  over  the  irradiated  areas  appeared 
about  four  weeks  after  the  first  application  of  the  rays,  but  no  definite 
erythema  or  destruction  of  the  skin  occurred.  The  first  three  or  four 
irradiations  seemed  to  cause  the  animals  slight  transient  discomfort  in 
spite  of  the  vomiting.  After  that  they  began  to  show  lack  of  energy 
and  to  refuse  food  for  two  or  even  three  days.  About  the  sixth  week 
it  became  evident  that  both  dogs  were  losing  weight.     From  that  time 
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on,  as  the  weights  recorded  in  the  tables  show,  the  loss  was  increasingly 
rapid.  Dog  1  lost  altogether  5.6  kilos,  or  46  per  cent.,  of  his  weight,  and 
Dog  2  lost  Z.7  kilos,  or  Z7  per  cent.  During  this  period  the  control  dog 
gained  1.1  kilos.  The  emaciation  w^as  so  extreme  and  developed  so 
rapidly  during  the  last  month  of  the  experiment  that  it  does  not  seem 
reasonable  to  attribute  it  alone  to  the  periods  when  the  dogs  refused 
food,  although  this  must  have  been  a  factor.  During  the  last  month  of 
the  experiment  both  animals  frequently  passed  loose  and  at  times  watery 
stools,  occasionally  containing  streaks  or  flecks  of  blood. 

Although  Dog  2,  a  young  animal,  reacted  less  than  the  older  one,  as 
far  as  vomiting  was  concerned,  he  showed  more  evidence  of  weakness 
and  prolonged  anorexia.  He  was  found  dead  on  the  morning  of  Jan.  15, 
1922.  Unfortunately,  I  was  away  from  the  laboratory  and  was  not 
notified  until  two  days  later,  the  body  being  kept  meanwhile  in  the 
refrigerator.  At  necropsy,  nothing  definitely  abnormal  was  found 
except  a  perforation  of  the  anterior  wall  of  the  stomach  which  was 
interpreted  as  a  postmortem  change.  This  interpretation  was  confirmed 
by  the  fact  that  no  evidence  of  an  inflammatory  reaction  in  the  margin 
of  the  perforation  was  found  on  histologic  examination.  No  areas  of 
ulceration  or  necrosis  were  seen  in  the  intestinal  tract. 

Dog  1  vomited  more  consistently  after  irradiation  but  seemed  to 
maintain  his  strength  better  and  to  recover  his  appetite  sooner  than 
the  younger  animal.  January  18  his  respirations  were  deep  and  slow, 
quite  suggestive  of  the  hyperpnea  seen  in  clinical  acidosis.  As  it  did 
not  appear  likely  that  he  would  live  more  than  a  few  hours,  he  was  bled 
and  then  etherized  and  a  necropsy  was  performed  immediately.  The 
plasma  carbon  dioxid  content  was  36.4  volumes  per  cent.,  undoubtedly 
indicating  a  diminished  alkali  reserve.  In  view  of  the  fact  that  the  dog 
had  not  been  irradiated  for  nine  days,  this  acidosis  was  thought  to  be 
a  terminal  thing  and  not  related  to  "treatment  sickness."  At  necropsy, 
this  animal  showed  nothing  definitely  abnormal  grossly  aside  from 
extreme  emaciation.  The  stomach  contained  considerable  undigested 
meat.  The  colon  contained  semifluid  yellow  feces  which  in  the  rectum 
were  blood  tinged.  No  hemorrhagic  areas,  ulceration  or  other  evidence 
of  destruction  of  epithelium  were  found  anywhere  in  the  gastro- 
intestinal tract,  as  have  been  described  in  rabbits  by  Denis,  Martin  and 
Aldrich  2  and  in  dogs  by  Hall  and  Whipple  «  and  Warren  and  Whipple," 
following  a  single  dose  of  roentgen  rays  large  enough  to  kill  the  animal. 

8.  Hall,   C.  C.   and  Whipple,   G.  W. :    Roentgen   Ray   Intoxication,  Am.   J. 

M.  Sc.  157:453,  1919.  .      .        ^    ^t  •. 

9.  Warren.  S.  L..  and  Whipple,  G.  W. :  Roentgen  Ray  Intoxication.  I.  Unit 
Dose  Over  Thorax  Negative— Over  Abdomen  Lethal.  Epithelium  of  Small 
Intestine  Sensitive  to  Roentgen  Rays.  II.  A  Study  of  the  Sequence  of  Clinical, 
Anatomic  and  Histologic  Changes  following  a  Unit  Dose  of  Roentgen  Rays, 
T.  Exper.  Med.  35:187,  1922. 
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Dog  3,  which  had  been  given  75  ma.  minutes  over  the  abdomen 
March  8  and  April  3,  was  etherized  and  a  necropsy  performed  April  4, 
thirt}'  hours  after  the  second  irradiation  and  about  twenty-four  hours 
after  he  showed  signs  of  recovery  from  the  resulting  reaction.  The 
necropsy  showed  nothing  abnormal  in  the  gross. 

Microscopic  examination  of  the  liver,  pancreas,  kidney,  suprarenal 
and  celiac  ganglion  of  Dog  1  discloses  nothing  abnormal.  No  evidence 
of  an  endarteritis  is  seen  in  any  of  the  sections.  Of  the  parts  of  the 
gastro-intestinal  tract,  the  stomach  shows  the  most  marked  changes. 
There  is  a  definite  increase  in  the  fibrous  tissue  of  the  stroma  of  the 
mucosa.  In  many  places  the  gastric  glands  do  not  extend  to  the 
muscularis  mucosae.  The  gastric  tubules  in  some  areas  are  replaced  by 
fibrous  tissue  and  in  other  places  all  that  remains  of  a  tubule  is  three  or 
four  of  the  deeply  acid-staining  parietal  cells  completely  surrounded  by 
what  seems  to  be  young  fibrous  tissue.  Whatever  the  damaging  mech- 
anism may  have  been — the  rays  themselves  directly  or  stimulation  of 
fibrous  tissue  indirectly — the  parietal  cells  seem  to  have  been  distinctly 
more  resistant  than  the  chief  cells.  The  columnar  epithelial  cells  of  the 
surface  and  pits  show  no  evidence  of  damage.  The  lymphoid  cell  con- 
tent of  the  solitary  nodules  has  been  markedly  reduced.  In  the  small 
intestine  the  columnar  epithelial  cells  appear  normal.  Cells  of  the 
lymphoid  series  are  greatly  diminished  in  number  in  the  tips  of  the  villi 
and  in  many  instances  are  absent.  The  nodules  of  lymphoid  tissue  in 
the  tunica  propria  show  evidences  of  destruction,  invasion  by  fibroblasts 
and  endothehal  cells  and  regeneration  of  germinal  centers.  The  large 
intestine  shows  nothing  definitely  abnormal.  A  section  of  a  mesenteric 
lymph  node  shows  very  rare  lymphoid  cells,  except  around  the  periph- 
ery, where  new  germinal  centers  have  formed,  the  cells  in  which 
show  many  mitotic  figures  and  from  which  lymphoid  tissue  is  invading 
the  node  in  chords.  The  reticular  tissue  is  infiltrated  with  large  num- 
bers of  polymorphonuclear  leukocytes  and  endothelial  cells.  The  latter 
are  manifesting  great  phagocytic  activity,  some  of  them  containing  as 
many  as  four  polymorphonuclear  cells.  The  splenic  nodules  are  reduced 
in  number  and  size  and  there  is  a  marked  diminution  in  the  number  of 
lymphoid  cells  in  the  pulp  of  the  spleen. 

Because  of  postmortem  changes,  sections  from  the  tissues  of  Dog  2 
are  unsatisfactory.  However,  they  disclose  nothing  contradictory  to  the 
findings  in  the  tissues  of  Dog  1. 

Sections  of  the  liver,  pancreas,  suprarenal,  celiac  ganglion,  stomach 
and  large  intestine  of  Dog  3  show  nothing  definitely  abnormal.  In  the 
villi  of  the  small  intestine  the  lymphoid  cells  are  somewhat  reduced  in 
number.  An  abdominal  lymph  node  shows  changes  similar  to  those 
seen  in  the  node  of  Dog  1  but  to  a  much  less  extent.  The  splenic 
nodules  are  small.     In  the  center  of  some  of  them  there  is  a  reaction 
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consisting  of  clusters  of  large  mononuclear  cells  with  clear  nuclei  and 
pale  staining  cytoplasm,  some  of  which  are  phagocytic.  The  splenic 
pulp  contains  large  numbers  of  migrating  leukocytes  and  a  reduced 
number  of  lymphoid  cells. 

Observations  on  the  plasma  carbon  dioxid  combining  power  of  two 
patients  undergoing  roentgen-ray  treatment  in  the  wards  of  the  Peter 
Bent  Brigham  Hospital  are  recorded  in  Table  5.    From  250  to  300  ma. 

TABLE  5. — Observations  on  the  Plasma  Carbon  Dioxid  Combining  Power 
OF  Two   Patients  Receiving  Roentgen-Ray  Treatment 


Patient, 

Time  of 

Plasma  CO2 

Med.  Xo.. 

Date 

Area 

Reaction  After 

Bleeding  in 

Combining 

Diagnosis 

Irradiated* 

Irradiation 

Relation  to 
Treatment 

Power, 
Vol.  •% 

W.  J. 

9/24/21 
9/24/21 

. 

6''  4 

16741 

Lower 

Nausea,  repeated  vomiting, 

6hrs.  after 

61.7 

Carcinoma 

abdomen 

exacerbation  of  pain 

of  prostate 

10/13/21 

Lower 
abdomen 

Sliglat  anorexia,  no  nausea 

22  hrs.  after 

62.9 

11/  2/21 

Lower 

Repeated  vomiting,  diar- 

5hrs. after 

61.1 

abdomen 

rhea,  pain  all  over 

M.  R. 

10/20/21 

65  0 

1694S 

11/  5/21 

Lumbar 

Slight  nausea,  vomited  once 

3  hrs.  after 

63.8 

Carcinoma 

region 

of  ovary 

11/23/21 

Lower 

Nausea,  vomited  three  times 

2  hrs.  after 

G0.4 

with  ascites 

abdomen 

4/  3/22 

52  8 

last  treatment 

4/  4/22 

Lower 
abdomen 

Nausea,  repeated  vomiting, 
reaction  began  before 
treatment  was  finished 

3V^  hrs.  after 

55.4 

*  These  patients  were  treated  by  Dr.  Lawrence  Reynolds  and  received  from  250  to  300 
milliampere-minutes  from  a  broad  focus  Coolidge  tube  activated  by  a  Victor-Snook  intcr- 
rupterless  transformer  with  a  spark  gap  of  9  inches  between  spheres,  a  target-skin  distance 
of  12  inches   and  a  filter  of  0.5  mm.  of  copper. 


minutes  were  given,  using  a  spark  gap  of  9  inches  between  spheres,  a 
target-skin  distance  of  12  inches  and  a  filter  of  0.5  mm.  of  copper.  A 
few  hours  after  the  irradiation,  during  the  reaction,  blood  was  taken 
from  an  arm  vein  with  a  syringe  and  put  into  a  tube  containing  a  crystal 
of  potassium  oxalate.  After  centrifuging,  the  plasma  was  equilibrated 
with  normal  alveolar  air  and  the  carbon  dioxid  determined  by  Van 
Slyke's  method  (1917).     No  evidence  of  acidosis  was  found. 

CONCLUSION 

No  evidence  that  the  constitutional  reaction  following  irradiation 
with  roentgen  ray  is  associated  with  a  low^ered  alkali  reserve  was  found 
in  several  determinations  of  the  plasma  carbon  dioxid  combining  power 
of  four  patients  and  in  repeated  determinations  of  the  plasma  carbon 
dioxid  content  of  three  dogs. 

I  wish  to  thank  Dr.  Lawrence  Reynolds,  roentgenologist  to  the  Peter  Bent 
Brigham  Hospital,  for  the  use  of  roentgen-ray  apparatus  and  to  express  my 
appreciation  of  the  cordial  cooperation  of  Prof.  S.  Burt  Wolbacli  in  checking 
up  the  pathologic  findings  and  of  Dr.  G.  H.  Hansmann,  resident  pathologist,  in 
the  preparation  of  the  pathologic  material. 


AN     ANALYSIS     OF     SOME     OF     THE     FACTORS     OF 

VARIABILITY     IN     THE     VITAL    CAPACITY 

MEASUREMENTS     OF     CHILDREN  * 

D.    J.     EDWARDS    and    MAY    G.    WILSON 

NEW  YORK 

The  use  of  vital  capacity  measurements  of  the  lungs  in  a  com- 
parative way  implies  a  certain  standard  of  reliability  of  the  measure- 
ments on  the  normal  subject.  If  the  observations  made  on  the  normals 
cover  a  wide  range  of  variability,  then  small  differences,  such  as  may 
well  arise  from  moderate  disturbances  in  function,  will  be  obscured, 
and  the  practical  value  of  the  test  greatly  diminished. 

In  adults  the  Hmitations  and  practical  usefulness  of  vital  capacity 
measurements  have  been  clearly  shown  in  the  work  of  Peabody,^ 
West^  and  others.  More  recently,  we  have  applied  the  test  to  children 
and  have  indicated  a  line  of  usefulness  in  this  field. ^  A  question 
concerning  the  reliability  of  the  results  naturally  arises,  however, 
when  vital  capacity  measurements  are  made  on  young  subjects,  since 
there  are  two  outstanding  ways  in  which  the  test,  as  applied  to  children, 
may  be  expected  to  yield  more  variable  results  than  when  applied 
to  adults.  First,  the  satisfactory  performance  of  the  test  depends  in 
large  measure  on  an  immediate  and  complete  forcing-out  of  the  air 
from  the  lungs  when  the  test  is  made,  and  young  subjects  present 
some  difficulty  in  getting  a  thorough  expulsion  of  the  air;  and  second, 
it  is  necessary  to  relate  vital  capacity  to  some  other  body  measure- 
ment, such  as  height,  weight,  or  body  surface  area,  and  during  the 
growing  period  these  body  measurements  are  subject  to  marked  change 
and  individual  differences. 

The  present  study  is  an  attempt  to  determine  to  what  extent  dif- 
ferent methods  of  measuring  the  vital  capacity  influence  the  final  values, 
and  to  define  in  a  statistical  way  the  amount  of  variability  exhibited 
in  a  large  series  of  vital  capacity  obser\^ations  on  children  who  were 
selected  only  with  respect  to  the  age  limits  of  from  6  to  16  years  and 
to  clinically  normal  subjects. 

Methods  of  Measuring  the  Vital  Capacity. — In  a  previous  paper  ^ 
dealing  with  the  vital  capacity  of  children  with  heart  disease  we  have 
given  a  figure  representing  the  mean  value  obtained   on  a  group  of 


*From  the   Departments   of   Physiology   and   Pediatrics,   Cornell   University 
Medical  College. 

1.  Peabody,  F.W.,and  Wentworth,  J.  A.:  Arch.  Int.  Med.  20:443  (Oct.)  1917. 

2.  West,  H.  F.:    Arch.  Int.  Med.  25:306    (March)    1920. 

3.  Wilson,  M.  G.,  and  Edwards,  D.  J.:   Am.  T.  Dis.  Child.  22:443  (Nov.)  1921. 


EDIVARDS-JVILSOX—JITAL    CAPACITY  639 

normal  subjects.  While  this  work  was  in  print,  Emerson  and  Green  * 
reported  observations  on  the  vital  capacity  of  normal  children  of  about 
the  same  age  range  that  are  significantly  lower  than  those  obtained  by 
us.  We  have,  therefore,  studied  the  matter  further  in  an  attempt  to 
discover  some  of  the  reasons  for  the  apparent  difference  in  the  two 
sets  of  observations.  Our  observations  were  made  with  a  specially 
constructed  spirometer  of  the  Gad-Krogh  type.  In  the  calibration  of 
this  instrument  the  water  displacement  method  was  first  used  to  measure 
off  the  liter  divisions,  and  then  the  entire  scale  was  checked  against 
a  ten  liter  Bohr  meter.  A  recalibration  of  the  instrument  has  recently 
been  made  and  this  was  found  to  confirm  the  original  values.  We 
believe,  therefore,  that  errors  in  calibration  can  be  excluded  as  a  pos- 
sible cause   for  the  higher   values  obtained  by  us. 

A  second  method  of  checking  our  results  has  been  to  compare 
the  readings  obtained  with  our  instrument  with  those  obtained  on  the 
same  subjects  with  other  spirometers.  Thirty-six  subjects,  ranging 
in  size  from  0.83  to  1.54  sq.  m.  surface  area,  were  selected  for  the 
first  series  in  the  test.  The  measurements  of  the  vital  capacity  were 
taken  on  each  subject  with  three  spirometers  and  with  only  a  few 
minutes  intervening  between  each  set  of  observations.  The  instruments 
used  beside  our  own  were  the  Sanborn,  made  by  the  Sanborn  Company, 
of  Boston,  and  the  Standard,  made  by  the  Narragansett  Machine 
Company,  of  Providence.  The  Standard  instrument  was  calibrated 
by  the  same  method  as  that  described  above  and  a  corrected  scale 
placed  upon  it. 

The  Sanborn  instrument  gave  results  that  agree  very  closely  with 
those  obtained  with  our  instrument.  The  average  figure  for  the  series 
shows  a  difference  of  a  little  less  than  1.5  per  cent.,  with  the  Krogh 
instrument  giving  the  higher  values.  When  the  results  are  arranged 
into  groups  on  the  basis  of  the  surface  area  of  the  subjects  there  is 
shown  a  remarkable  parallelism  of  the  values  obtained  with  these 
instruments  throughout  the  size  range.  With  the  Standard  spiro- 
meter the  results  show  consistently  lower  readings  amounting  to  a 
diff'erence  of  a  little  more  than  10  per  cent,  for  the  averages  of  the 
group,  when  compared  with  the  figure  obtained  with  our  instrument. 
There  is  also  greater  variation  from  group  to  group  than  is  exhibited 
in  the  results  with  the  other  instruments. 

In  another  series  of  115  cases  we  have  compared  the  results  obtained 
with  other  Standard  spirometers  (not  calibrated  by  us)  with  those 
obtained  with  the  Sanborn.  It  should  be  noted,  however,  that  the 
measurements  in  this  series  with  the  Standard  instruments  were  not 
taken  at  the  same  sitting,  but  at  a  pievious  time  ranging  from  a  few 


4.  Emerson,  P.  W.,  and  Green,  H. :    Am.  J.  Dis.  Child.  22:202  (Sept.)   1921. 
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days  to  as  much  as  a  month.  It  will  not  be  possible,  therefore,  to 
relate  these  values  in  a  quantitative  way.  The  significant  feature  in 
these  results  is  the  greater  variability  in  the  group  averages  given 
from  the  measurements  with  the  Standard  spirometer  over  those 
obtained  on  the  same  subjects  with  the  Sanborn  instrument. 

Another  series  of  tests  has  been  made,  similar  in  procedure  to 
the  above,  to  compare  the  measurements  obtained  with  a  Dry  spiro- 
meter made  by  Thomas  Upham,  of  Boston,  with  those  obtained  with 
the  Sanborn.  Forty-one  subjects  were  included  in  this  series,  and  the 
average  values  for  the  group  exhibit  lower  readings  with  the  Dry 
spirometer  by  about  11.6  per  cent.  We  are  not  justified  in  placing 
very  much  stress  on  this  quantitative  difference,  since  the  measure- 
ments were  not  taken  on  the  same  date.  But  observations  covering 
much  longer  inter^-als  make  it  evident  to  us  that  the  lower  reading 
with  the  Dry  spirometer  cannot  be  explained  on  the  basis  of  time 
changes. 

It  is  indicated  from  these  results  that  certain  types  of  spirometers 
tend  to  give  lower  readings  than  others  and  that  the  group  values 
obtained  with  the  low  reading  spirometers  generally  exhibit  greater 
variability.  Differences  of  this  character  result  in  no  small  degree,  we 
believe,  from  the  use  of  instruments  not  sufficiently  sensitive  for  the 
measurement  of  the  vital  capacity  of  children. 

Another  factor  that  appears  to  account  for  part  of  the  discrepancy 
between  the  obser\'ations  reported  by  Emerson  and  Green  and  those 
Ave  have  obtained  is  in  the  dififerent  method  used  for  estimating  the 
surface  area.  They  employed,  for  the  most  part,  the  Benedict-Talbo't 
method,  whereas  we  have  used  exclusively  the  DuBois  height-weight 
method.  In  order  to  obtain  some  notion  of  the  extent  of  influence 
which  this  difference  in  the  method  of  estimating  the  surface  area 
might  have  on  the  final  results,  we  selected  at  random  ten  cases 
published  in  the  tables  by  Emerson  and  Green  and  have  calculated 
these  on  the  basis  of  the  DuBois  surface  area  chart.  The  results 
show  an  average  about  12  per  cent,  higher  than  their  figures  for  the 
same  subjects. 

These  considerations,  while  indicating  two  factors  which  make 
for  the  lower  vital  capacity  values  reported  by  Emerson  and  Green, 
do  not  account  for  the  comparatively  large  difference  between  their 
findings  and  those  we  have  obtained.  If  more  complete  data  were 
available  concerning  technic  and  character  of  the  subjects,  it  might 
suggest  other  factors  that  have  contributed  to  the  discrepancy,  but  in 
the  absence  of   such  material  it  is  of  no  avail  to  speculate. 

Variation  of  the  Vital  Capacity  in  a  Group  of  Nornml  Subjects. — 
In  a  group  of  thirty-five  children  in  whom  stem  length,  chest  circum- 
ference, height,  weight  and  vital  capacity  were  taken  we  found  ^  that 
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Chart    1. — Body  weight    (kg.)    against   vital   capacity    (c.c). 
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Chart   2. — Surface    area    (sq.    m.)    against    vital    capacity    (c.c). 
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in  using  Dreyer's  ^  standards  for  vital  capacity  the  correlation  to  the 
surface  area  measurement  (surface  area  calculated  from  the  DuBois 
height-weight  chart)  appeared  to  be  as  close  as  that  to  any  of  the 
other  body  measurements.  On  the  basis  of  this  and  also  the  work 
of  West  ^  and  of  Dreyer  ^  on  adults,  the  suface  area  unit  was  adopted 
for  relating  all  our  vital  capacity  measurements.  The  work  has  been 
extended  so  that  we  now  have  records  of  the  vital  capacity,  height 
and  weight  of  360  clinically  normal  children.  This  amount  of  material 
has  seemed  to  warrant  a  closer  study  of  the  degree  of  variation 
exhibited,  with  a  view  to  a  more  exact  evaluation  of  its  significance 
and  better  methods  of   expressing  the  results. 

At  present  there  is,  in  general,  no  better  way  of  gaining  a  clear 
impression   of   the   degree   of  variability  of   a   series   of   observations 
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Chart   3. — Body   height    (cm.)    against   vital    capacity    (cc). 


than  to  arrange  them  in  the  form  of  a  plot.  Although  somewhat 
more  time  consuming,  this  method  has  the  advantage  of  showing  at 
a  glance  in  which  part  of  the  range  of  variables  there  is  present  the 
greatest  degree  of  scatter.  In  the  present  analysis  the  data  have  been 
arranged  to  plot  the  vital  capacity  as  related  to  weight,  to  height  and 
to  body  surface  area. 

An  examination  of  these  plots,  shown  in  Charts  1,  2  and  3,  reveals 
the  greatest  degree  of  scatter  when  the  body  weight  is  taken  as  the 


5.  Dreyer,  G.,  in  collaboration  with  G.  F.  Hanson:  The  Assessment  of 
Physical  Fitness  by  Correlation  of  Vital  Capacity  and  Certain  Measurements 
of  the  Body,  with  Tables,  Cassell  and  Company,  London,  New  York,  Toronto 
and  Melbourne,  1920. 

6.  Dreyer,  G. :    Lancet  1:197,  227,  1919. 
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measure  of  relationship;  also  that  there  is  little  difference  between 
relating  the  vital  capacity  to  stirface  area  and  that  relating  it  to  height 
alone.  In  the  weight  relation  the  greatest  amount  of  scatter  is  shown 
by  the  measurements  taken  on  the  larger  subjects.  This  we  interpret 
to  mean  that  the  factors  which  make  for  variability  in  weight  are  opera- 
tive to  a  greater  extent  in  children  weighing  more  than  40  kg. 

The  plot  for  the  height  relation  shows  a  fairly  well  grouped  set 
of  observation  throughout  the  range.  The  method  of  relating  the 
vital  capacity  to  surface  area  presents  a  close  correlation  in  that  part 
comprising  the  smaller  subjects,  but,  like  the  weight  relation,  shows 
divergence  as  we  approach  the  higher  vital  capacity  readings  from 
larger  subjects.  This  feature  of  the  surface  area  relation  naturally 
follows  from  relations  previously  shown  for  the  height  alone  and  for 
the  weight  alone,  since  the  method  of  deriving  surface  area  contains 
an  element  of  both  factors. 

In  the  light  of  these  results,  the  method  of  relating  the  vital  capacity 
to  a  body  height  measurement  seems  indicated  as  a  general  practical 
procedure.  This  does  not  imply  that  the  vital  capacity  measurement 
in  children  is  more  closely  correlated  to  body  height  than  it  is  to  surface 
area  as  we  have  derived  the  latter,  but  it  is  interpreted  rather  to 
indicate  that  the  inherent  errors  in  the  weight  measurement,  when 
deductions  have  to  be  made  for  clothing,  and  the  accumulative  errors, 
when  surface  area  calculations  are  carried  out  from  these  measurements, 
more  than  offset  the  slight  difference  in  absolute  correlation  which 
the  surface  area  relation  may  contain. 

In  turning  now  to  the  problem  of  the  closeness  of  correlation  of 
the  vital  capacity  to  the  surface  area  it  will  be  important  to  remember 
that  our  subjects  present  a  normal  group  from  an  ordinary  chmcal 
standpoint.  Beyond  this  it  is  impossible  to  speak  with  exactitude  m 
regard  to  their  soundness ;  in  fact,  in  the  light  of  more  recent  work, 
there  is  reason  for  believing  that  a  small  percentage  of  the  group  would 
reveal  abnormal  conditions  with  more  exact  methods  of  diagnosis. 
It  is  of  interest  to  note,  therefore,  that  the  standard  deviation  of  this 
series,  which  gives  a  measure  of  the  variability  in  terms  of  the  unit  in 
which  the  variable  is  measured,  i.  e.,  in  liters  vital  capacity  per  square 
meter  body  surface  area,  is  0.272  for  the  360  cases.  To  obtain  a 
measure  in  relative  terms  of  the  variability  of  dift'erent  characteristics 
measured,   it  is   customary   to  express   them   as   percentages   of   their 

individual  means.  This  coefficient  of  variation  (L.  ot  V.  =-^^^^  ) 
in  the  present  series  is  found  to  be  14.2  per  cent. 

In  variability,  as  measured  in  the  absolute  terms  of  the  standard 
deviation  and  in  the  derived  relative  term  of  the  coefficient  of  variation, 
our  series   shows  a  value   slightly  greater   in  magnitude  than  certain 
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other  physiological  measurements,  such  as  the  pulse  rate  and  the  heat 
production  in  adults,'  but  it  is  less  than  that  reported  on  such  measure- 
ments as  keenness  of  sight  ^  and  heat  production  in  infants/ 

.  The  results  of  this  brief  comparison  indicate  that  our  series  shows 
a  satisfactory  agreement  with  the  results  of  others  on  fairly  comparable 
physiological  measurements.  The  agreement  seems  rather  remarkable 
when  one  considers  the  probable  influence  of  age.  sex,  race,  the  small 
percentage  of  cases  not  strictly  normal,  and  the  dififerences  in  mental 
cooperation  in  the  test. 


Chart  4. —  (A)    Distribution  of   subjects  grouped   according  to  surface   area 
size.    (B)  Average  vital  capacity  of  each  group  in  surface  area  size  arrangement. 


Vital  Capacity  as  Related  to  Body  Sice. — In  the  course  of  these 
observations  on  the  vital  capacity  of  children,  as  related  to  surface 
area,  we  have  been  impressed  by  the  frequency  with  which  low  read- 
ings were  obtained  on  small  children,  and  similarly  a  tendency  for 
larger  subjects  to  give  higher  readings. 

The  surface  area,  measurement,  containing  as  it  does  a  height  and 
weight  element,  probably  expresses  more  exactly  than  any  other  body 


7.  Harris,    I.  A.,  and   Benedict,  F.  G. :    Carnegie  Institution  of  Washington, 
Pub.  279,   1919. 

8.  Pearson,    K. :     The    Chances   of   Death   and    Other    Studies    in    Evolution, 
E.  Arnold,   London,   1897. 


EDWARDS-IVILSOX— VITAL    CAPACITY 


645 


measurement  the  body  size  relation  of  groups  of  subjects  dififering 
markedly  in  their  individual  proportions.  On  the  basis  of  this  concep- 
tion of  body  size,  we  have  divided  the  whole  range  of  our  560  cases  into 
groups  of  convenient  units  as  regards  their  surface  area  size.  Each 
subject  was  then  assigned  to  the  appropriate  group  with  his  vital 
capacity  calculated  on  the  basis  of  his  surface  area.  The  mean  value 
for  each  group  was  then  determined  with  a  view  of  showing  to  what 
extent  size  introduces  a  variable  in  a  statistical  average  for  the  whole 

series. 

The  results  of  this  method  of  analysis  are  very  well  brought  out 
in  Chart  4.     The  curve  at  the  bottom   (A)   shows  the  frequency  dis- 
tribution in  terms  of  the  group  totals.     It  exhibits  a  skew  type  of 
curve  with  the  mode  at  about  1  sq.  m.  surface  area  size.     This  form 
of  the  curve  merely  signifies  that,  in  selecting  our  subjects  from  the 
ages  of  six  to  sixteen,  inclusive,  we  have  inadvertently  obtained  a  pre- 
ponderance of  subjects  in  the  lower  half  of  the  range.    The  upper  curve 
(B)  of  the  mean  vital  capacity  for  each  size  group  shows  a  distinctly 
upward   trend    from   the   smaller  to   the   larger   sized   subjects.  .  The 
slope  of  the  curve  suggests  that,   with  a  larger  number  of  cases,  it 
would  give  a  straight  line  cutting  approximately  the  point  1.74  at  the 
lower,  and  2.18  at  the  higher  range.     This  would  give  roughly  a  25.2 
per  cent,  range,  which  is  probably  statistically  significant.     It  indicates 
that  in  the  evaluation  of  an  individual  vital  capacity  measurement  on 
the  basis  of  surface  area  some  account  has  to  be  taken  of  the  actual 
size  of  the  subject  measured  before  an  accurate  estimate  of  the  devia- 
tion from  the  normal  can  be  made.     It  follows,  therefore,  that  a  single 
mean   value    derived    from   a   large   group    of    widely    differing    sizes 
of   children  offers  only  an  approximation  to  the   true   mean  of   any 
individual   class. 

It  is  of  interest  in  this  connection  to  consider  the  possible  meanmg 
of  the  type  of  curve  presented  by  this  method  of  grouping  according  to 
body  size.  There  is  suggested  the  operation  of  at  least  three  factors, 
either  separately  or  in  common :  First,  the  method  of  deriving  surface 
area  may  contain  an  element  of  inaccuracy  with  diminishing  stature ; 
second,  the  method  of  measuring  the  vital  capacity  may  similarly 
introduce  a  constantly  increasing  error  with  smaller  subjects;  and 
third,  the  vital  capacity  in  terms  of  its  absolute  relation  to  body  size 
may  undergo  an  increase  in  children  as  they  approach  maturity.  The 
data  at  hand  afford  no  basis  for  determining  the  degree  of  operation 
of  these  different  factors. 

It  is  pertinent  to  this  discussion  to  note  that  in  the  grouping  of 
the  subjects  according  to  the  surface  area  size  there  is  naturally  a 
certain  amount  of  segregation  of  age  relations.  The  subjects  com- 
prised, for  example,  in  the  group  from  0.7  to  0.79  sq.  m.  surface  area, 
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are  as  a  group  younger  than  those  inckided  in  the  group  from  1.20  to 
1.29  sq.  m.  An  analysis  of  these  group  results  will  show,  therefore, 
whether  less  variability  goes  with  greater  maturity  and  stature.  If 
we  use  as  a  measure  of  variability  the  coefficient  of  variation,  it  is 
evident  from  the  accompanying  table  that  the  small  young  subjects 
do  not  give  values  significantly  more  variable  than  shown  by  the 
older  and  larger  subjects. 

The  Variability  of  the  Vital  Capacity  Measurements  Shown  by  Different 
Groups  Arranged  According  to  Surface  Area  Size 


Group 

No.  of 

Maximum 

Minimum 

Percentage 

Mean 

Standard 

Coeffleient 

Cases 

Range 

Deviation 

of  Variation 

0.7-0.79 

12 

2.97 

1.28 

61.8 

1.64 

0.233 

14.2 

0.8-0.89 

49 

2.35 

1.37 

71.5 

1.84 

0.252 

13.9 

0.9-0.99 

72 

2.44 

1.42 

71.8 

1.90 

0.220 

11.6 

1.0-1.09 

79 

2.34 

1.33 

76.0 

•       1.89 

0.237 

12.5 

1.1-1.19 

45 

2.38 

1.33 

79.0 

1.92 

0.232 

12.1 

1.2-1.29 

34 

2.30 

1.41 

63.0 

1.96 

0.234 

11.9 

1.3-1.39 

18 

3.10 

1.41 

120.0 

2.02 

0.260 

12.9 

1.4-1.49 

22 

2.36 

1.54 

53.0 

1.90 

0.203 

10.7 

1.5-1.59 

12 

3.23 

1.48 

118.0 

2.18 

0.350 

16.0 

1.6-1.69 

12 

2.88 

1.52 

89.5 

2.18 

0.500 

22.9 

1.7-1.79 

5 

2.77 

1.57 

76.5 

2.09 

0.248 

11.9 

These  results  support  the  conclusion  that  the  observations  made 
on  small  young  children  are  statistically  as  reliable  as  those  obtained 
from  the  more  mature  subjects;  moreover,  they  indicate  that  the  lower 
mean  values  shown  in  the  curve  of  Chart  4  for  the  subjects  of  small 
surface  area  size  are  probably  not  due  to  an  error  inherent  in  the 
method,  which  is  inversely  related  to  size  and  age  of  the  subjects 
measured. 

SUMMARY 

The  measurement  of  the  vital  capacity  of  children  with  certain 
types  of  spirometers  has  given  results  10  per  cent,  or  more  below 
that  obtained  on  the  same  subjects  with  other  instruments.  Moreover, 
the  results  obtained  with  those  instruments  giving  low  readings  exhibit 
a  greater  degree  of  variability.  It  is  suggested  that  the  low  readings 
of  a  more  fluctuating  character  are  probably  due  to  the  use  of  a  spiro- 
meter not  sufficiently  sensitive  for  the  measurement  of  the  vital  capacity 
of  children. 

The  vital  capacity  observations  on  360  normal  children,  when  related 
separately  to  the  body  measurements,  height,  weight  and  surface  area, 
exhibit  a  correlation  slightly  to  the  advantage  of  the  height  relation. 
It  is  suggested  that  the  height  unit  may  be  the  most  practical  body 
measurement  for  the  relating  of  the  vital  capacity  of  children ;  not 
that  the  absolute  correlation  is  greater  than  the  surface  area  unit,  but 
rather  that  the  chances  for  errors  in  the  calculations  are  less  and  in 
practice  will  more  than  offset  any  fundamental  difference  there  may 
be  in  favor  of  the  surface  area  method. 
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The  absolute  variability  in  this  series,  as  shown  by  the  standard 
deviation,  is  0.272  liters  per  square  meter  surface  area.  The  coefficient 
of  variation  is  shown  to  be  14.2  per  cent.,  a  value  agreeing  fairly 
well  with  that  of  other  physiological  variables  of  a  comparable  nature. 

Based  on  the  surface  area  measurement  as  a  criterion  of  body  size, 
certain  groupings  have  been  made.  The  mean  vital  capacity  of  each 
of  these  groups  was  obtained,  and  from  these  data  it  has  been  shown 
that  the  vital  capacity,  as  related  to  a  unit  of  surface  area,  exhibits 
gradually  increasing  values  from  the  smaller  to  the  larger-sized  sub- 
jects. This  difference  is  estimated  to  be  of  the  order  of  a  25  per  cent, 
range  for  the  size  groups. 

In  terms  of  the  coefficient  of  variation,  the  groups  comprising  the 
smaller  surface  area  size,  which  were  likewise  made  up  of  younger 
subjects,  do  not  exhibit  greater  variability  than  the  groups  of  larger 
surface  area  size  made  up  of  older  subjects.  It  is  argued  that  the  age 
factor  does  not  make  for  greater  variability  in  the  measurement  of  the 
vital  capacity  of  children. 

CONCLUSIONS 

1.  A  spirometer  that  offers  minimal  resistance  to  the  egress  of 
the  air  from  the  lungs  is  necessary  for  measuring  the  vital  capacity 
of  children. 

2.  The  correlation  between  vital  capacity  and  body  height  is  more 
intimate  than  that  between  vital  capacity  and  surface  area,  or  body 
weight. 

3.  The  vital  capacity  values  obtained  from  children  show  a  degree  of 
variability  about  equal  to  that  exhibited  by  other  fairly  comparable 
physiologic  variables.  Young  children  give  results  that  are  not  more 
variable  than  those  from  older  ones. 

4.  Children  of  small  stature  exhibit  a  lower  vital  capacity  per  unit 
of  surface  area  than  those  of  larg^er  stature. 
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MINNEAPOLIS 

In  the  last  decade,  particularly  the  latter  half  of  this  decade,  the 
vital  capacity  test,  together  with  certain  measurements  of  the  body 
from  which  physical  fitness  is  ascertained,  has  rapidly  been  gaining  in 
favor  with  physicians  especially  interested  in  diseases  of  the  heart  and 
lungs.  The  present  study  of  which  this  paper  is  only  a  preliminary 
report  represents  an  attempt  to  investigate  carefully  the  value  of  the 
vital  capacity  test  in  diseases  of  the  lungs. 

Recently  I  reported  ^  approximately  100  cases  in  all  of  which  stereo- 
roentgenograms  were  made.  Later  -  I  reported  230  cases.  Since  these 
papers  were  prepared  further  data  have  been  collected  and  compiled 
on  cases  of  pulmonary  tuberculosis,  bronchial  asthma,  pneumonia  and 
one  acute  infection  outside  the  respiratory  tract   (paratyphoid  fever). 

I.     PULMONARY     TUBERCULOSIS 

The  present  report  details  the  findings  in  335  cases.  LInfortunately 
roentgenograms  could  be  had  in  only  210  cases.  In  all  other  cases 
the  remaining  necessary  aids  in  diagnosis  were  employed  and  there  was 
finally  no  doubt  as  to  the  diagnosis  in  any  case. 

Table  1  shows  that  on  a  basis  of  the  roentgen-ray  examination 
the  cases  were  classed  as  follows:  I.  Suspected  cases:  A.  Roentgen- 
ray  examination  negative.  II.  Tuberculous  cases:  A.  Peribronchial 
tuberculosis,  (1)  unilateral;  (2)  bilateral.  B.  Parenchymatous  tuber- 
culosis, (1)  unilateral  (a)  disease  confined  above  the  first  rib  or  an 
area  of  similar  size;  (h)  disease  extending  below  the  first  rib,  but  not 
involving  more  than  one  lobe;  (r)  involvement  of  more  than  one  lobe; 
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(2)  bilateral  (a)  disease  confined  above  the  first  rib  or  an  area  of 
similar  size  on  each  side;  {h)  disease  extending  below  the  first  rib 
on  each  side  but  not  involving  more  than  two  lobes ;  (c)  involvement 
of  more  than  two  lobes. 

There  are  thirty  suspected  cases  in  which  the  roentgenograms  showed 
no  evidence  of  disease.  The  mean  vital  capacity  percentage  for  this 
group  is  102,  while  the  range  is  between  82  and  122  per  cent. 

The  group  in  which  roentgenograms  revealed  unilateral  peribronchial 
tuberculosis  consists  of  thirty-one  cases.  The  average  vital  capacity 
for  this  group  is  96  per  cent,  and  the  range  is  from  81  to  121  per  cent. 
There  are  only  eight  cases  of  bilateral  peribronchial  tuberculosis  in 
the  group  .and  their  mean  vital  capacity  percentage  is  102,  while  the 
range  is  between  87  to  112  per  cent. 

Thirty-three  cases  showed  unilateral  parenchymatous  tuberculosis 
above  the  first  rib  or  a  single  area  of  similar  size  in  some  other  part 

TABLE  1. — Classification  of  Cases  on  Basis  of  Roentgen-Ray  Examination 


I.  Suspected  eases 

A.  Roentgen-ray  negative  

II.  Tuberculous  cases 

A.  Peribronchial  tuberculosis 

1.  Unilateral   

2.  Bilateral 

B.  Parenchymatous  tuberculosis 

1.  Unilateral 

(a)  Above   first    rib 

(b)  No  more  than  one  lobe  involved 

(c)  More  than  one  lobe  involved 

2.  Bilateral 

(a)  Above   first    rib 

(b)  No  more  than  two  lobes  involved.. 

(c)  More  than  two  lobes  involved 


of  the  lung.  The  average  vital  capacity  for  this  group  is  96  per  cent., 
but  the  range  is  between  74  and  119  per  cent.  There  is  a  group  of 
twenty-three  cases  with  more  extensive  disease  than  the  last  group 
mentioned  but  in  no  case  does  the  involvement  extend  over  more  than 
one  lobe.  This  group  shows  an  average  vital  capacity  of  87  per  cent, 
with  a  range  of  from  31  to  122  per  cent.  There  are  only  fifteen  cases 
in  the  group  in  which  the  roentgenograms  show  unilateral  disease 
involving  more  than  one  lobe.  The  average  vital  capacity  for  this 
group  is  65  per  cent.,  while  the  range  is  from  38  to  106  per  cent. 

The  group  of  fifteen  cases  in  which  the  roentgenograms  show  dis- 
ease limited  to  that  part  of  each  lung  above  the  first  rib  or  an  area 
of  similar  size  on  each  side  presented  an  average  vital  capacity  of 
86  per  cent,  with  a  range  of  from  51  to  108  per  cent.  In  the  next 
group,  which  consists  of  thirty  cases  with  involvement  limited  to  one 
lobe  on  each  side,  the  average  vital  capacity  is  72)  per  cent.,  while  the 
range  is  from  43  to   119  per  cent.     It  is  not  surprising  to  find  that 
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the  last  group,  consisting  of  twenty-five  cases  with  disease  involving 
more  than  two  lobes,  presents  the  lowest  vital  capacity  percentage. 
The  average  for  this  group  is  54  per  cent.,  while  the  range  is  from 
26  to  82  per  cent. 

On  the  basis  of  the  physical  examination,  the  patients  were  grouped 
as  follows:  I.  Suspected  cases  (a),  no  physical  signs;  (&)  physical  signs 
indefinite  (diagnosis  reserved).  II.  Definitely  tuberculous  cases,  (a) 
minimal  disease;  (&)  moderately  advanced  disease;   (c)   far  advanced 
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Fig.   1. — Ogive   curves   showing  percentage   of  cases    in   each    stage   plotted 
against  the  percentage  of  vital  capacity. 


disease.     Ogive  curves   (Fig.   1)   were  made  in  order  to   facilitate  in 
the  visualization  and  analysis  of  the  data  in  each  group  of  cases. 

From  these  curves  it  will  be  seen  that  the  range  of  vital  capacity 
percentage  is  indicated  in  each  group.  For  example,  along  the  curve 
representing  the  far  advanced  cases  we  see  within  the  from  20  to  30 
per  cent,  vital  capacity  percentage  line  a  small  circle.  This  circle  lies 
at  a  height  representing  approximately  4  per  cent,  of  the  cases  studied. 
This  means  that  approximately  4  per  cent,  of  the  far  advanced  cases 
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had  vital  capacities  as  low  as  20  per  cent,  of  the  normal.  If  we 
pass  upward  along  the  curve  we  find  another  circle  lying  within  the 
from  30  to  40  per  cent,  vital  capacity  percentage  line  and  within  the 
horizontal  line  representing  30  per  cent,  of  the  cases.  Here  we  have 
added  together  all  the  cases  with  a  vital  capacity  below  30  per  cent, 
of  the  normal  and  it  is  obvious  from  the  curve  that  approximately  30 
per  cent,  of  the  far  advanced  cases  have  such  reduced  vital  capacities. 
Such  information  may  be  obtained,  all  along  the  curve.  The  last  circle 
at  the  upper  end  of  the  curve  lies  within  the  vertical  line  representing 
the  from  80  to  90  per  cent,  vital  capacity  group.  This  circle  also  lies 
within  the  horizontal  line  representing  100  per  cent,  of  the  cases.  It 
is,  therefore,  obvious  that  all  of  the  far  advanced  cases  have  vital 
capacities  below  90  per  cent,  of  the  normal. 

From  the  use  of  these  curves  similar  information  may  be  obtained 
regarding  the  percentage  of  vital  capacity  in  the  moderately  advanced, 
minimal,  reserved  and  negative  cases.  One  may  ascertain  quickly  the 
vital  capacity  percentage  of  any  given  percentage  of  cases  in  all  the 

TABLE  2. — Vital  Capacity  in  Cases  of  Thickened  Pleura,   Cavitation 
AND  Pneumothorax 


Cases  with  thickened  pleura  revealed  by  roentgen- 
ray  examination  

Oases  with  cavities  revealed  by  roentgen-ray  exami- 
nation  

Cases  with  pneumothorax 


groups.  If,  for  example,  a  horizontal  line  (a)  is  drawn  representing 
50  per  cent,  of  the  cases  through  all  the  curves  it  is  seen  that  50  per 
cent,  of  the  far  advanced  cases  have  a  vital  capacity  from  40  to  50 
per  cent,  of  the  normal,  while  the  remaining  50  per  cent,  have  a  higher 
vital  capacity  percentage.  This  horizontal  line  intersects  the  curve 
representing  the  moderately  advanced  cases  slightly  beyond  the  vertical 
line  representing  from  60  to  70  per  cent,  vital  capacity,  therefore, 
approximately  50  per  cent,  of  the  moderately  advanced  cases  have  vital 
capacities  within  or  below  from  60  to  70  per  cent,  of  the  normal. 
Further  observation  will  show  that  approximately  50  per  cent,  of  the 
minimal,  negative  and  reserved  cases  have  vital  capacities  within  or 
below  from  80  to  90,  from  90  to  100  and  from  100  to  110  per  cent,  of 
the  normal,  respectively. 

In  Table  2  the  cases  with  thickened  pleura  revealed  by  roentgen-ray 
examination,  cavitation  revealed  by  roentgen-ray  examination  and 
pneumothorax  (spontaneous  and  artificial)  are  grouped  separately. 
There  are  only  twelve  cases  in  the  group  in  which  the  roentgen 
ray  revealed  thickened  pleura.     Some  of  these  cases  have  insignificant 
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pulmonary  lesions  while  others  have  far  advanced  lesions  of  tuber- 
culosis. The  average  vital  capacity  for  the  series  is  78  per  cent.,  while 
the  range  is  from  30  to  115  per  cent.  It  is  interesting  to  note  that 
in  some  cases  with  very  slight  pulmonary  involvement  the  vital  capacity 
is  not  at  all  or  very  slightly  reduced.  There  are  thirty  cases  in  the 
group  in  which  the  roentgen-ray  examination  revealed  pulmonary 
cavities.  For  this  group  the  average  vital  capacity  percentage  is  64 
while  the  range  is  from  31  to  109  per  cent.  The  nine  cases  with 
pneumothorax  show  about  what  one  might  expect,  that  is,  a  reduction  in 
vital  capacity  of  approximately  50  per  cent.  The  actual  average  for  this 
group  is  49  per  cent.,  while  the  range  is  from  32  to  58  per  cent. 

The  tables  and  curves  show  that  those  patients  whose  roentgeno- 
grams do  not  reveal  disease  have  an  average  vital  capacity  of  approxi- 
mately 100  per  cent.  There  are  a  few  cases  in  this  group  with  vital 
capacities  slightly  below  normal.  In  most  cases  of  this  kind  the  reduc- 
tion can  be  accounted  for  on  the  basis  of  such  factors  as  age  and 
obesity.  There  are  several  cases  in  this  group  with  an  overdeveloped 
vital  capacity  due  to  previous  special  training,  hence  their  vital  capaci- 
ties are  above  100  per  cent. 

The  cases  with  peribronchial  tuberculosis  were  found  to  have  an 
average  vital  capacity  which  very  nearly  approaches  100  per  cent.  This 
average  and  the  range  of  vital  capacity  does  not  differ  much  from 
the  cases  in  which  the  roentgen  ray  did  not  reveal  disease.  It  is 
interesting  to  note  that  those  cases  with  bilateral  peribronchial  tubercu- 
losis have  an  average  vital  capacity  percentage  which  is  higher  than 
that  of  those  cases  with  unilateral  peribronchial  tuberculosis. 

In  the  thirty-three  cases  with  parenchymatous  lesions  above  the 
first  rib  on  one  side,  the  average  vital  capacity  percentage  is  well  within 
the  normal  limits.  The  low  limit  of  the  range  in  this  group,  however, 
is  as  low  as  74  per  cent,  of  the  normal.  From  this  small  number  of 
observations  it  appears  that  tuberculous  lesions  (although  very  small) 
of  clinical  significance  reduce  the  vital  capacity.  On  the  other  hand, 
there  are  several  cases  in  this  group  with  vital  capacities  above  100  per 
cent.  It  should  be  stated  that  in  a  few  of  these  cases  the  roentgen-ray 
examination  revealed  only  small  areas  of  calcification  or  fibrosis.  For 
example,  in  one  case  a  fluoroscopic  examination  revealed  a  dark  area 
about  the  size  of  a  walnut  in  the  region  of  one  of  the  basal  lobes. 
The  examining  physician  being  willing  to  make  a  diagnosis  of  early 
tuberculosis  without  the  aid  of  stereoscopic  plates  and  without  a  careful 
study  of  the  symptoms  sent  this  patient  to  a  sanatorium  for  treatment. 
After  admission  to  the  sanatorium  stereoscopic  plates  revealed  evidence 
of  a  small  area  of  calcification  in  one  basal  lobe.  The  remainder  of 
both  lungs  was  clear.  This  patient  did  not  have  one  of  the  cardinal 
symptoms  of  tuberculosis  and  presented  a  vital  capacity  of  100  per  cent. 


MYERS— RESPIRATORY    ORGANS  653 

Another  patient,  whose  stereoscopic  plates  now  show  evidence  of  a 
definite  tuberculous  infiltration  was  treated  in  a  sanatorium  three  years 
ago.  He  has  been  working  for  the  past  two  years  and  now,  in  spite  of 
the  roentgen-ray  findings,  has  a  vital  capacity  of  more  than  100  per  cent. 

In  the  group  (Table  1)  with  more  extensive  unilateral  disease,  the 
average  vital  capacity  percentage  decreases ;  however,  even  in  those 
cases  with  involvement  of  more  than  one  lobe  there  is  an  occasional 
case  with  a  vital  capacity  of  100  per  cent,  or  more. 

In  the  group  of  cases  with  bilateral  disease  there  are  fifteen  with 
disease  only  above  the  first  ribs.  As  might  be  expected,  the  average 
vital  capacity  percentage  of  this  group  is  somewhat  higher  than  in  the 
group  of  unilateral  cases  with  involvement  of  more  than  one  lobe.  Here, 
too,  there  are  cases  with  only  calcified  or  fibrous  tuberculous  processes 
limited  to  the  extreme  apices.  Attention  should  be  called  to  the  fact, 
however,  that  while  a  few  cases  in  this  group  have  vital  capacity  per- 
centages within  normal  limits,  there  are  others  with  more  severe  disease 
with  a  vital  capacity  as  low  as  51  per  cent,  of  the  normal. 

In  the  remaining  groups  of  cases  with  bilateral  disease  the  average 
vital  capacity  percentage  decreases  as  the  extent  of  involvement  revealed 
by  the  roentgen-ray  increases. 

More  than  100  ex-service  men  are  included  in  this  study.  It  is 
interesting  to  note  that  many  of  these  men  are  included  in  the  groups 
showing  (a)  signs  of  minimal  disease;  (b)  indefinite  signs,  and  (c)  no 
signs  of  disease.  In  a  considerable  number  of  cases  the  roentgen  ray 
revealed  evidence  of  slight  parenchymatous  disease  above  the  first  rib 
on  one  or  both  sides,  peribronchial  tuberculosis,  or  no  evidence  of 
disease.  In  view  of  these  facts,  the  ex-service  men  show  a  rather  high 
average  vital  capacity  percentage.  In  civil  life  patients  often  come  late 
for  diagnosis  possibly  because  of  the  physician's  fee,  or  many  have 
dependents  to  support  and  do  not  give  up  work  until  forced  to  do  so  by 
moderately  or  far  advanced  disease.  In  the  case  of  ex-service  men  the 
government  provides  for  transportation,  free  examination,  free  obser- 
vation and  treatment,  and  compensation  in  cases  of  active  disease 
traceable  to  service.  Under  these  conditions  very  few  men  have  a  fear 
of  a  diagnosis  of  tuberculosis,  and,  in  fact,  a  few  desire  it.  This  condi- 
tion is  making  possible  the  diagnosis  of  many  early  cases  of  pulmonary 
tuberculosis.  On  the  other  hand,  some  cases  of  slight  and  insignificant 
lesions  of  long  standing  are  being  diagnosed  and  placed  in  hospitals  for 
treatment  and  recommended  for  compensation. 

We  have  seen  that  a  considerable  number  of  cases  with  signs  of 
minimal  and  moderately  advanced  disease,  many  of  whom  are  con- 
firmed by  stereoroentgenograms,  show  a  vital  capacity  percentage  within 
normal  limits.  This  fact  may  be  explained  in  one  or  all  of  the  following 
three  ways:      (1)    We  know  that  some   of  these   patients  had  over- 
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developed  vital  capacities,   and  although  they  are  no.\v   reduced  con-  '\ 

siderably  they  still  have  capacities  which  appear  to  be  within  normal  [| 

limits.     (2)  A  few  of  the  patients  have  tuberculous  lesions  which  are  i 

very  definite,  although  at  present  thc}^  are  clinically  insignificant.  The 
percentage  of  cases  which  fall  into  this  class  will  be  ascertained  only 
through  further  observation  over  a  considerably  longer  period  of  time. 
(3)  There  is  some  evidence  to  suggest  that  the  normal  standards  now 
employed  are  not  quite  applicable  for  the  people  of  all  parts  of  the 
United  States.  Dreyer's  work  ^  was  carried  out  in  England  and  the 
normal  standards  derived  from  his  formulas  are  mostly  commonly  used 
today.  Dreyer  suggests,  however,  that  the  normal  standards  be  ascer- 
tained for  the  people  of  various  countries.  Heise  *  in  reporting  the 
vital  capacity  findings  on  sixty-five  patients  in  the  Trudeau  Sanatorium 
remarked  that  the  test  was  not  of  great  value  to  him  as  many  patients 
had  vital  capacities  within  normal  limits.  Many  of  my  vital  capacity 
percentages  also  have  seemed  too  high.  From  the  present  evidence  it 
would  appear  that  the  people  of  the  United  States,  particularly  of  the 
Middle  West,  have  a  greater  vital  capacity  than  the  people  of  England. 
I  have  already  ^  undertaken  to  throw  some  light  on  this  subject,  not 
by  the  use  of  mathematical  formulas  alone,  but  by  actual  observations 
made  on  several  thousand  individuals  in  various  occupations.  Observa- 
tions have  already  been  made  on  several  hundred  persons  and  the 
accumulation,  compilation  and  analysis  of  these  data  are  proving  to  be 
a  tremendous  task,  the  completion  of  which  will  require  a  long  period 
of  time. 

SUMMARY 

1.  Vital  capacity  readings  were  taken  in  335  cases  suspected  of 
having  pulmonary  tuberculosis.  Stereoscopic  plates  were  made  in 
210  cases. 

2.  In  thirty  cases  in  which  stereoroentgenograms  showed  no  evi- 
dence of  disease  the  mean  vital  capacity  was  102  per  cent,  of  the  normal, 
while  the  range  was  between  82  and  122  per  cent,  of  the  normal. 


3.  Dreyer,  G. :  Investigations  on  the  Normal  Vital  Capacity  in  Man  and 
Its  Relation  to  the  Size  of  the  Body,  Lancet  2:227  (Aug.  9)  1919.  Dreyer,  G.. 
and  Burrell.  L.  S.  T. :  The  Vital  Capacity  Constants  Applied  to  the  Study  ot 
Pulmonary  Tuberculosis,  Lancet  1:1215  (June  5)  1920.  Dreyer,  G. :  The  Assess- 
ment of  Physical  Fitness  by  Correlation  of  Vital  Capacity  and  Certam 
Measurements  of  the  Body.    Paul  B.  Hoeber,  New  York  City,  1921. 

4.  Heise,  F.  H. :  Tr.  National  Tuberculosis  Association,  1921,  p.  140. 

5.  Myers,  J.  A.:  Studies  on  the  Respiratory  Organs  in  Health  and  Disease. 
II.  A  Study  of  the  Vital  Capacity  and  Physical  Fitness  of  Nurses,  with  Tables 
Showing  Calculated  Vital  Capacities  for  Normal  Men  and  Women  and  a 
Method  for  Quickly  Obtaining  an  Expression  of  an  Individual's  Physical  Fit- 
ness, Journal-Lancet  41:252  (May  1)  1921.  III.  The  ^'alue  of  Vital  Capacity 
Readings  in  CHnical  Medicine,  Minnesota  Med.  4:635  (Nov.)   1921. 
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3.  The  stereoroentgenograms  showed  peribronchial  tuberculosis  in 
thirty-nine  cases.  The  average  vital  capacity  of  these  cases  was  97  per 
cent,  and  the  range  was  from  81  to  121  per  cent,  of  the  normal. 

4.  There  were  seventy-one  cases  with  unilateral  and  seventy  cases 
with  bilateral  parenchymatous  tuberculosis  revealed  by  the  stereo- 
roentgenograms. These  cases  were  grouped  according  to  the  extent  of 
disease  revealed.  Among  these  groups  the  vital  capacity  percentages 
were  usually  found  to  decrease  as  the  extent  of  the  disease  increased. 

5.  On  the  basis  of  the  physical  examination,  sixty-two  cases  showed 
no  evidence  of  pulmonary  tuberculosis.  Ten  per  cent,  of  these  cases 
had  a  vital  capacity  between  80  and  90  per  cent,  of  the  normal  while 
the  remainder  were  all  well  within  the  normal  limits. 

6.  There  were  twenty-eight  cases  in  which  physical  signs  caused  the 
diagnosis  to  be  reserved.  Approximately  4  per  cent,  of  these  patients 
had  vital  capacities  between  70  and  80  per  cent,  of  the  normal,  and 
approximated  3  per  cent,  more  had  vital  capacities  between  80  and 
90  per  cent,  o'f  the  normal.    The  remainder  of  these  were  withm  normal 

limits. 

7.  There  were  signs  of  minimal  tuberculosis  in  seventy-two  cases, 
moderately  advanced  tuberculosis  in  100  cases,  and  far  advanced  tuber- 
culosis in  seventy-three  cases.  In  the  majority  of  cases  the  vital  capacity 
was  found  to  be  decreased  in  proportion  to  the  extent  of  involvement 
revealed  by  the  physical  signs. 

8.  Pulmonary  cavities  were  revealed  by  the  roentgen  ray  in  thirty 
cases  The  mean  vital  capacity  for  this  group  was  found  to  be  64,per 
cent.,  while  the  range  was  between  31  and  109  per  cent,  of  the  normal. 

9  Nine  cases  had  spontaneous  or  artificial  pneumothorax.  The 
mean  vital  capacity  of  this  group  was  49  per  cent,  while  the  range 
was  between  32  and  58  per  cent,  of  the  normal. 

2.     BRONCHIAL     ASTHMA 

Staehelin  and  Schiitze,«  Plesch,^  Peabody  and  Wentworth,^  and 
others  have  reported  vital  capacity  findings  in  patients  suffering  from 
asthma.  In  some  cases  the  vital  capacity  was  considerably  decreased 
while  in  others  it  was  normal.  _ 

In  this  study  observations  were  made  on  twenty  persons  suffering 
from  bronchial  asthma.     Readings  were  taken  during  and  at  various 

6    Staehelin,    R.,    and    Schutze.    A.:     Spirographische    Untersuchungen    an 
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intervals  between  acute  attacks.  During  acute  attacks  the  vital  capacity 
was  found  to  be  tremendously  reduced,  in  some  cases  being  as  low 
as  from  18  to  20  per  cent,  of  the  normal.  With  the  disappearance  of 
the  attack,  however,  the  vital  capacity  quickly  returned  to  normal 
limits  unless  there  existed  some  complication  or  other  cause  for  a 
reduction.  Different  methods  of  treatment  were  employed ;  for  example, 
some  patients  were  given  vaccines,  others  were  given  expectorants  and 
in  still  others  dietetic  treatment  was  ordered.  In  most  cases  the  vital 
capacity  remained  normal  as  long  as  the  chest  was  kept  free  from 
rales.  There  were  four  cases  in  which  asthma  had  extended  over  a 
period  of  many  years.  In  none  of  these  cases  did  the  vital  capacity 
return  to  normal  limits  after  the  disappearance  of  the  asthmatic  attacks. 
In  each  case  the  physical  and  roent gen-ray  examinations  revealed 
definite  evidence  of  emphysema  which  was  apparently  sufficient  to 
account  for  the  reduced  capacity.  Three  patients  were  beyond  the  age 
of  50.  None  of  these  quite  returned  to  normal  after  the  subsidence  of 
their  acute  attacks.  Since  vital  capacity  decreases  after  the  age  of 
40  or  50,  the  slight  permanent  reduction  in  these  three  cases  was 
explainable  on  the  age  basis.  The  remaining  cases  showed  vital  capaci- 
ties well  within  normal  limits  soon  after  the  acute  attacks  had  subsided. 

SUMMARY 

1.  Vital  capacity  readings  were  taken  in  twenty  cases  of  bronchial 
asthma. 

2.  The  vital  capacity  was  greatly  reduced  during  acute  attacks.  In 
some  cases  it  was  reduced  to  from  18  to  20  per  cent,  of  the  normal. 

3.  After  acute  attacks  subsided  the  vital  capacity  returned  to  normal 
in  all  cases  except  four  with  emphysema  and  three  beyond  the  age  of  50. 

3.     PNEUMONIA 

In  five  convalescent  cases  of  pneumonia  Peabody  and  Wentworth  ^ 
found  the  vital  capacity  to  be  between  71  and  114  per  cent,  of  the 
normal.  In  only  one  of  these  cases,  however,  was  there  evidence  of 
pulmonary  involvement  when  the  readings  were  taken.  The  authors 
call  attention  to  the  fact  that  in  the  cases  which  were  below  normal 
one  must  take  into  consideration  the  general  weakness  persisting  after 
an  acute  infection.  They  also  call  attention  to  the  difficulty  experienced 
in  taking  lung  capacity  readings  in  cases  suffering  from  pleurisy. 

In  the  present  work  an  attempt  was  made  to  study  the  lung  capacity 
throughout  the  course  of  the  disease,  and,  finally,  to  make  a  correla- 
tion of  the  patient's  temperature,  pulse,  respiration  and  vital  capacity 
at  diiTerent  stages.     Observations  were  made  on  twenty  patients.    The 
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measurements  and  readings  were  taken  in  the  usual  manner,  and  the 
vital  capacity  percentages  were  calculated  as  previously  described.^  In 
a  few  of  the  cases  the  crisis  occurred  about  the  time  the  patients  were 
admitted  to  the  hospital  or  before  observations  were  begun.     In  these 
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Fig.  2. — Temperature,  pulse,  respiration,  and  vital  capacity  curves  in  the 
case  of  a  man,  aged  58  (colored),  suffering  from  lobar  pneumonia  involving 
the  left  lower  lobe.  Left  hospital  on  the  twelfth  day  with  the  vital  capacity  70 
per  cent,  of  the  normal. 


cases,  therefore,  the  study  could  be  carried  out  only  during  con- 
valescence. In  a  few  other  cases  it  was  possible  to  begin  the  observa- 
tions before  any  physical  signs  of  pneumonia  could  be  elicited.  There 
was  an  occasional  case  omitted  in  which  it  was  impossible  to  get  accurate 
readings  on  account  of  severe  pleurisy. 
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The  curves  (Figs.  2  to  7)  show  the  temperature,  pulse,  and  respira- 
tion for  each  day  and  the  vital  capacity  readings  on  days  when  it  was 
advisable  to  take  such  readings.  In  the  last  column  of  each  chart 
is  indicated  the  theoretical  normal  vital  capacity  for  the  given  case.    At 
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Fig.  3. — Temperature,  pulse,  respiration  and  vital  capacity  curves  in  the 
case  of  a  man,  aged  44,  suffering  from  broncho-pneumonia  with  areas  of  involve- 
ment in  both  lower  lobes.  Left  hospital  on  twelfth  day  with  the  vital  capacity 
79  per  cent,  of  the  normal. 


the  top  of   certain  columns  representing  vital   capacity  is  placed  the 
vital  capacity  percentage  of  the  patient  for  that  day. 

In  observing  the  curves  it  is  interesting  to  note  that  the  vital  capacity 
is  verv  low  from  the  beginning,  in  fact  it  is  reduced  to  50  per  cent,  or 
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less  in  most  cases.  This  marked  reduction  of  vital  capacity  from  the 
beginning  of  a  case  of  pneumonia  is  almost  diagnostic.  I  have  been 
able  to  go  through  good  sized  wards  where  the  patients  were  suffering 
from   acute   disease    (other   than   pneumonia)    of   the   respiratory   and 
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Fig  4 —Temperature,  pulse,  respiration  and  vital  capacity  curves  in  the 
case  of  a  man,  aged  42,  suffering  from  lobar  pneumonia  involving  the  right  lower 
lobe.  Left  hospital  on  the  seventeenth  day  with  the  vital  capacity  approximately 
93  per  cent,  of  the  normal. 

other  organs,  calculate  vital  capacity  percentages  of  the  patients  and 
select  all  the  cases  on  whom  physical  examination  later  proved  develop- 
ing pneumonia.  It  will  also  be  observed  from  the  curves  that  the  lowest 
vital  capacity  is  usually  reached  on  or  near  the  day  of  the  crisis.    From 
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this  time  on,  if  the  patient  recovers,  the  vital  capacity  gradually 
increases  throughout  convalescence.  In  one  case  of  unresolved  pneu- 
monia, however  (Fig.  7),  the  vital  capacity  remained  almost  stationary 
for  a  period  of  ten  days  following  the  crisis.     In  another  case  in  which 
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Fig.  5. — Temperature,  pulse,  respiration  and  vital  capacity  curves  in  the 
case  of  a  man,  aged  47,  suffering  from  broncho-pneumonia  with  small  areas  of 
involvement  in  all  lobes  of  both  lungs.  Exodus  occurred  on  the  ninth  day.  On 
the  eighth  day  of  the  vital  capacity  was  27  per  cent,  of  the  normal. 


tubercle  bacilli  appeared  in  the  sputum  during  convalescence  the  vital 
capacity  remained  almost  unchanged  over  a  long  period  of  time. 

In  the  cases  of  pneumonia  observed,  the  extent  of  involvement  of 
lung  tissue  apparently  made  very  little  difference  in  the  reduction  of 
vital  capacity,  as  cases  in  which  physical  and  roentgen-ray  examination 
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revealed  disease  limited  to  a  single  lobe  or  a  part  of  one  lobe  sbowed  a 
vital  capacity  as  low  as  was  present  in  cases  with  mucli  more  extensive 
involvement. 

In  minimal  pulmonary  tuberculosis,  Garvin,   Lundsgaard  and  Van 
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Fig.  6. — Temperature,  pulse,  respiration  and  vital  capacity  curves  in  the 
case  of  a  man,  aged  40,  suffering  from  lobar  pneumonia  involving  the  left  lower 
lobe.  Left  hospital  on  the  twelfth  day  with  the  vital  capacity  approximately 
72  per  cent,  of  the  normal. 


Slyke  ^  have  shown  that  the  reduction  in  vital  capacity  is  due  to 
increased  residual  air,  while  in  the  moderately  adv^anced  and  far 
advanced  stages  the  reduction  is  due  to  a  decreased  total  capacity. 


9.  Garvin,  A.,  Lundsgaard,  C.  and  Van  Slyke,  D. :  Studies  of  Lung  Volume. 
IL  Tuberculous  Men,  J.  Exper.  M.  27:87  (Jan.)  1918.  IIL  Tuberculous  Women, 
J.  Exper.  M.  27:129  (Jan.)   1918. 
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No  attempt  was  made  to  ascertain  the  cause  of  the  reduced  vital 
capacity  in  pneumonia.  Means  and  Barach  ^°  call  attention  to  the  fact 
that  in  pneumonia  the  extent  of  the  pulmonary  consolidation  bears  no 
constant  relationship  to  the  intensity  of  the  dyspnea.  As  mentioned 
above,  this  is  also  true  as  regards  vital  capacity.     Means  and  Barach 
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Fig.  7. — Temperature,  pulse,  respiration  and  vital  capacity  curves  in  the  case 
of  a  man,  aged  23,  suffering  from  lobar  pneumonia  involving  the  entire  right 
lung  and  the  upper  lobe  of  the  left  lung.  The  lowest  vital  capacity  recorded 
was  17  per  cent,  of  the  normal  w-hich  occurred  on  the  fifth  and  sixth  days.  This 
is  a  case  with  delayed  resolution.  Patient  left  hospital  on  the  twenty-fourth 
day  with  a  vital  capacity  of  52  per  cent,  of  the  normal. 


further  point  out  that  dyspnea  may  cease  when  the  crisis  is  past  with  no 
alteration  in  the  anatomic  process  in  the  lungs.     This  does  not  hold 


10.  Means,  T.  H.,  and  Barach,  A.  L. :    The  Symptomatic  Treatment  of  Pneu- 
monia, J.  A.  M.  A.  77:1217  (Oct.  15)   1921. 
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true  for  vital  capacity.  Figures  2  to  7  show  that  the  vital  capacity  is 
increased  almost  immediately  after  the  crisis,  but  does  not  return  to 
normal  for  many  days. 

SUMMARY 

1.  Observations  were  made  on  twenty  patients  suiTering  from 
pneumonia. 

2.  The  lowest  vital  capacity  taken  was  17  per  cent,  of  the  normal. 
This  occurred  in  one  case  on  the  fifth  and  sixth  days  of  the  disease. 
The  highest  reading  taken  was  93  per  cent,  of  the  normal.  This 
occurred  in  another  case  on  the  day  of  discharge  from  the  hospital. 

3.  There  was  very  little  relation  between  the  extent  of  involvement 
of  lung  tissue  and  the  reduction  of  vital  capacity. 

4.  There  is  probably  no  other  acute  disease  of  the  respiratory  tract 
which  so  reduces  the  vital  capacity  from  the  beginning  as  pneumonia. 
Therefore,  the  vital  capacity  test  is  a  vakiable  aid  in  early  diagnosis. 

5.  During  the  period  of  convalescence  the  vital  capacity  test  offers 
much  information  as  regards  the  clearing  up  of  the  lesion.  An 
unresolved  condition  or  a  complication  is  indicated  by  a  failure  of  the 
vital  capacity  gradually  to  increase. 

6.  The  vital  capacity  is  of  great  value  in  guiding  the  patient's 
activities.  Ordinarily  patients  are  discharged  from  hospitals  and  allowed 
to  become  quite  active  before  their  vital  capacities  have  reached  a  height 
consistent  with  such  activity.  Every  patient  should  remain  reasonably 
inactive  in  the  hospital  or  the  home  until  the  vital  capacity  has  reached 
at  least  90  per  cent,  of  the  normal. 

4.     PARATYPHOID     FEVER 

Peabody  and  Wentworth  *  suggested  that  the  reduced  vital  capacity 
which  is  present  in  patients  convalescing  from  pneumonia  may  occur  in 
any  severe  acute  infection.  Owing  to  the  fact  that  my  observations 
showed  that  reduction  of  vital  capacity  in  pneumonia  is  not  always 
consistent  with  the  extent  of  involvement  of  lung  tissue,  it  was  again 
suggested  by  several  physicians  that  the  high  fever  and  weakness  result- 
ing from  the  toxic  condition  were  responsible  for  the  greater  part  of 
the  reduction  in  vital  capacity. 

Peabody  and  Sturgis  ^^  studied  the  effect  of  general  weakness  and 
fatigue  on  vital  capacity.  Most  of  their  patients  used  in  the  general 
weakness  series  were  suffering  from  pernicious  anemia ;  however,  one 


11.  Peabody,  F.  W.,  and  Sturgis,  C.  C. :  Clinical  Studies  of  the  Respiration. 
VIII.  The  Effect  of  General  Weakness  and  Fatigue  on  the  Vital  Capacity  of 
the  Lungs,  Arch.  Int.  Med.  28:501  (Nov.)  1921. 
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patient  had  typhoid  fever.  In  none  of  these  cases  without  heart  or 
lung  disease  was  the  vital  capacity  reduced  more  than  26  per  cent, 
below  the  normal.  In  another  series  of  cases  an  attempt  was  made  to 
fatigue  the  muscles  of  respiration  by  taking  the  vital  capacity  every 
15  seconds  for  10  minutes.  Contrary  to  what  one  might  expect,  the 
vital  capacity  was  as  great  at  the  end  of  this  experiment  as  at  the 

TABLE   3. — Vital   Capacity   of    Paratyphoid   Fever    Patients 
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14  days 

3/25/21 
4/  4 '21 

100 
99 

90 
80 

20 
20 

80 

107 

9 

3/21/21 

4/21/21 

97-104 

64-108 

18-26 

20  days 

3/22/21 

4/  7/21 

104 
101 

92 

84 

24 
20 

80 
89 

10 

3/19/21 

4/18/21 

97-105 

64-128 

18-26 

28  days 

3/22/21 
4/  4/21 

105 

102 

118 
106 

26 
22 

89 
96 

11 

3/29/21 

4/12/21 

96-104 

60-110 

16-24 

9  days 

4'  4/21 

101 

96 

20 

90 

12 

3/27/21 

4/12/21 

97-102 

60-108 

18-22 

10  days 

4/  4/21 

99 

72 

18 

90 

13 

3/23/21 

4/20/21 

97-104 

64-100 

18-26 

18  days 

3/25/21 

4/  7/21 

100 
97 

96 

76 

22 
20 

91 
93 

14 

3 '25/21 

4/13/21 

97-104 

62-104 

16-25 

16  days 

4/  6/21 

103 

88 

20 

95 

15 

3/25/21 

4/  5/21 

97-103 

64-100 

16-25 

6  days 

4/  6/21 

98 

95 

18 

96 

16 

3  31 '21 

4/13'21 

98-104 

60-100 

16-22 

12  days 

4/  6/21 

101 

88 

22 

97 

17 

3 '24/21 

4/  9/21 

97-104 

56-114 

18-25 

12  days 

4/  6/21 

98 

88 

18 

99 

18 

3/21/21 

4/  8/21 

97-103 

5&-  92 

16-24 

16  days 

4-  6 '21 

99 

84 

18 

99 

19 

3/28/21 

4/  8/21 

97-101 

70-  96 

16-22 

8  days 

4'  6 '21 

98 

84 

20 

lOO 

20 

3/22/21 

4/11/21 

97-l(H 

60-  92 

1&-24 

18  days 

4/  6 '21 

101 

84 

20 

101 

21 

3/19/21 

5/  5/21 

96-105 

70-140 

18-26 

31  days 

3/22  '21 

4/  7/21 

103 
99 

88 
96 

24 
20 

102 
106 

22 

4/  1/21 

4/  7/21 

97-100 

62-  84 

16-20 

2  days 

4/  6  21 

98 

90 

18 

105 

23 

3/25'21 

4/11/21 

97-l(M 

64-106 

16-22 

15  days 

4'  6/21 

100 

80 

20 

105 

24 

3 '23/21 

4/21/21 

97/104 

60-116 

18-24 

30  days 

4/  6/21 

103 

90 

18 

106 

25 

3/23/21 

4/  8 '21 

97-103 

66-110 

18-24 

14  days 

4/  6/21 

98 

86 

18 

107 

26 

3/27/21 

4'  5/21 

97-100 

60-  94 

18-20 

2  days 

4/  4/21 

98 

94 

20 

108 

27 

3  27/21 

4 '12/21 

97-101 

60-112 

18-22 

15  days 

4/  4/21 

99 

84 

20 

110 

28 

3/25 '21 

4  17/21 

97-104 

72-116 

18-25 

20  days 

4/  6/21 

101 

98 

20 

110 

29 

4/  1/21 

4'  5/21 

98-100 

62-  84 

16-20 

2  days 

4/  6/21 

98 

80 

16 

111 

30 

3  '27/21 

a  6/21 

96-102 

52-  86 

16-22 

5  days 

4/  4/21 

98 

84 

20 

117 

31 

4/  1/21 

4  '17/21 

97-103 

60-102 

16-24 

17  days 

4/  6/21 

102 

88 

20 

117 

32 

3 '26/21 

4'  9/21 

98-102 

64-114 

16-25 

13  days 

4/  6/21 

99 

80 

18 

131 

beginning.  The  authors  therefore  conclude  "that  general  muscular 
weakness  and  fatigue  of  the  muscles  of  respiration  are  not  important 
factors  in  causing  the  reduction  of  the  vital  capacity  of  the  lungs  in 
heart  disease." 

In    March    and    April,    1921,    an    epidemic    of    paratyphoid    fever 
occurred  at  the  University   of  Minnesota  which  offered  an  excellent 
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opportunity  to  make  a  study  of  vital  capacity  in  an  acute  disease  outside 
the  respiratory  tract.  About  sixty  cases  were  placed  in  the  student 
hospital  and  it  was  through  the  kindness  of  Professor  John  Sundwall, 
director  of  the  Student  Health  Service,  that  I  was  permitted  to  make 
observations  on  these  cases.  In  all  cases  one  reading,  and  in  some 
cases  two  readings,  were  taken.  The  observations  were  made  while 
the  fever  was  present  or  soon  after  it  had  subsided.  The  vital  capacity 
readings  were  taken  with  the  patients  in  the  reclining  position,  while  the 
temperature  was  elevated,  and  in  the  sitting  posture  after  the  fever  had 
subsided.  In  most  of  these  cases  the  vital  capacity  readings  taken  at 
the  time  the  students  entered  the  University  of  Minnesota  were  on 
record  in  the  Department  of  Physical  Education.  Inasmuch  as  some 
of  the  students  had  taken  considerable  athletic  .training  since  their 
admission  to  the  university  their  vital  capacities  had  been  somewhat 
increased.  In  all  cases  the  vital  capacit}^  percentage  calculations  were 
based  on  the  theoretical  vital  capacity  or  the  actual  vital  capacity 
observed  at  the  time  of  admission  to  the  university. 

Table  3  shows  the  date  of  hospital  admission  and  discharge,  the 
temperature,  pulse  and  respiratory  range  while  in  the  hospital,  the 
duration  of  fever  and  the  percentage  of  vital  capacity  with  the  tempera- 
ture, pulse  and  respiration  of  each  patient  at  the  time  the  vital  capacity 
readings  were  taken.  In  this  table  the  patients  are  arranged  in  the 
order  of  their  vital '  capacity  percentages,  beginning  with  the  lowest. 
Forty-one  readings  were  taken  on  the  thirty-two  patients  represented  in 
this  table.  Of  these  forty-one  readings  only  twelve  showed  a  vttal 
capacity  below  90  per  cent. ;  the  remaining  twenty-nine  ranged  from 
90  to  131  per  cent. 

There  were  nine  cases  in  which  second  readings  were  taken.  Five 
of  these  showed  a  vital  capacity  below  90  per  cent,  on  the  first  exami- 
nation, but  on  the  second  examination  the  vital  capacity  had  increased 
to  90  per  cent,  or  more.  In  this  series  of  nine  cases  there  was  only 
one  case  in  which  the  vital  capacity  had  not  increased  at  the  time  the 
second  observation  was  made. 

The  lowest  vital  capacity  of  the  entire  series  was  64.3  per  cent. 
It  is  interesting  to  note  that  before  the  vital  capacity  reading  was  taken 
this  patient  developed  a  rather  severe  pleurisy  which  apparently 
accounted,  in  part,  for  the  low  physical  fitness  percentage. 

In  Case  2  the  vital  capacity  percentage  was  only  65.4  at  the  time  of 
the  first  reading.  About  twenty-four  hours  later,  the  internist,  with  no 
knowledge  of  the  results  of  the  vital  capacity  test,  recorded  the  presence 
of  a  slight  cardiac  disturbance  believed  to  be  due  to  toxemia.  All 
signs  of  this  disturbance  disappeared  in  a  few  days  and  about  two 
weeks  from  the  time  of  the  first  reading  the  vital  capacity  was  found  to 
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be  104  per  cent.  It  will  be  recalled  that  Peabody  and  Wentworth  ^  and 
Nathanson  and  Ulrich  ^^  and  others  ^^  have  reported  marked  reduction 
in  vital  capacity  due  to  true  cardiac  lesions. 

At  the  outbreak  of  this  epidemic  all  cases  with  similar  symptoms 
were  placed  in  the  same  wards.  The  vital  capacity  test  was  taken  in 
most  cases  before  a  diagnosis  was  recorded.  Three  cases  were  found  in 
which  the  vital  capacity  was  reduced  50  per  cent,  or  more.  It  is 
interesting  to  note  that  each  of  these  patients  was  developing  pneu- 
monia, which  later  was  revealed  by  physical  examination. 

In  the  remaining  seven  cases  in  which  the  vital  capacity  was  reduced 
to  below  90  per  cent,  of  the  normal,  I  have  no  explanation  for  the 
reduction  unless  it  is  due  to  toxemia.  Unfortunately,  however,  these 
patients  were  not  sent  to  the  department  of  roentgenology  nor  were 
electrocardiographic  studies  made  to  find  evidence  of  the  presence  or 
absence  of  deeply  seated  pulmonary  lesions  or  the  existence  of  heart 
lesions  otherwise  undiscovered. 

Inasmuch  as  some  of  these  cases  at  no  time  showed  severe  toxic 
manifestations,  one  hardly  seems  justified  in  trying  to  account  for  the 
reduction  in  lung  capacity  on  the  basis  of  toxemia. 

It  is  interesting  to  note  that  in  some  of  the  remaining  cases  in 
which  vital  capacities  were  found  to  be  within  normal  limits,  the 
temperature  ranged  as  high  as  105  F.,  and  the  pulse  ranged  as  high  as 
140  per  minute. 

SUMMARY 

1.  Observations  were  made  on  sixty  patients  suffering  from  para- 
typhoid fever. 

2.  Fifteen  per  cent,  of  these  cases  had  vital  capacities  below  normal 
limits.  In  more  than  50  per  cent.'  of  these  cases  with  reduced  vital 
capacities,  however,  the  reduction  was  explained  on  the  basis  of  such 
complications  as  pleurisy  or  lung  involvement. 

3.  In  85  per  cent,  of  the  cases  the  vital  capacity  was  within  normal 
limits. 

4.  In  this  study  the  vital  capacity  test  was  found  to  be  valuable  in 
suggesting  beginning  complications  such  as  pleurisy  and  pneumonia. 
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LOS    AXGELES 
INTRODUCTION 

\\'eed  and  McKibben  ^  demonstrated  that  the  intravenous  admin- 
istration of  hypertonic  salt  solution  to  animals  was  attended  by  a 
decrease  in  the  size  of  the  brain  and  a  fall  in  cerebrospinal  pressure. 
These  results  were  soon  applied  to  patients  by  Cushing  and  Foley ,^ 
Sachs  and  Belcher  "  and  others.*  The  usual  intravenous  dose  was  100 
c.c.  15  per  cent,  sodium  chlorid  solution  (in  some  instances  30  per 
cent.  ).  As  a  result  of  these  injections  cerebral  herniae  often  dis- 
appeared or  were  much  diminished,  the  swollen  brain  decreased  in 
size  so  that  operations  on  it  could  be  performed  more  easily,  and  the 
elevated  cerebrospinal  pressure  of  patients  with  brain  tumor  was  usually 
reduced  promptly.  The  effects  were,  in  general,  so  satisfactory^  that 
the  adoption  of  intravenous  hypertonic  salt  solution  as  a  valuable 
therapeutic  measure  appeared  likely.  With  these  facts  in  mind,  it 
seemed  to  us  desirable  to  ascertain  what  alterations  took  place  in  the 
blood  as  a  result  of  its  use,  and  especially  the  degree  and  significance 
of  these  alterations.  The  various  factors  investigated  were:  the  blood 
volume,  blood  chlorids,  the  relation  between  blood  volume  and  blood 
chlorids,  the  effects  produced  on  the  red  corpuscles  and  hemoglobin, 
and  the  oxygen  and  carbon  dioxid  content  of  venous  blood.  We  regret 
that  a  greater  series  was  not  obtained  for  each  factor,  but  this  would 


*  From  the  Medical  Clinic  of  the  Massachusetts  General  Hospital. 

*  This  stud}^  is  No.  28  of  a  series  of  studies  on  the  phj'siology  and  pathology 
of  the  blood  from  the  Harvard  Medical  School  and  allied  hospital,  a  part  of 
the  expense  of  which  has  been  defrayed  by  a  grant  from  the  Proctor  Fund  of 
the   Harvard  Medical  School  for  the   Study  of   Chronic  Diseases. 

\.  Weed.  L.  H..  and  AIcKibben.  P.  S.:    Am.  J.  Physiol.  48:512,  1919. 

2.  Cushing,  H.,  and  Folev,  F.  B. :  Proc.  Soc.  Exper.  Biol.  &  Med.  17:217, 
1920. 

3.  Sachs.  E.,  and  Belcher.  G.  W. :    J.  A.  M.  A.  75:667  (Sept.  4)   1920. 

4.  Cobb,  S.,  and  .A.yer,  J.  B. :  At  the  Massachusetts  General  Hospital.  Per- 
sonal communication. 
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have  necessitated  the  withdrawal  of  an  inconveniently  large  amount  of 
blood.  Since  the  procedure  was  relatively  new  and  untried,  it  was 
undertaken  only  in  the  case  of  patients  whose  condition  definitely 
indicated  its  use,  a  fact  which  further  limited  the  series  obtained. 
The  intravenous  human  dosage  was  100  c.c.  of  15  per  cent,  sodium 
chlorid  solution.  The  animals  received  a  corresponding  or  relatively 
larger  dose.  Hypertonic  salt  solution  was  administered  intravenously 
to  seven  patients,  by  mouth  to  one  patient  and  one  normal  person  and 
intravenously  and  by  mouth  to  eight  rabbits. 

HISTORICAL 

Blood  hydremia  has  been  observed  in  animals  following  the  intra- 
venous administration  of  hypertonic  solutions  by  Brasol/  Kilkowitz,^ 
Magnus  '  and  others.  Magnus  demonstrated  the  hydremia  following 
hypertonic  salt  solution  by  reduction  in  the  hemoglobin  percentage,  the 
specific  gravity  and  dried  ash  of  the  blood.  No  measurements  of  the 
absolute  changes  in  plasma  volume  after  hypertonic  salt  administration 
have  been  encountered.  Other  effects  observed  in  animals  have  been 
a  prompt  diuresis,  a  depression  of  the  freezing  point  of  the  serum, ^  a 
hyperglycemia  and  glycosuria,^  and  occasional  fever. ^  Magnus  ^  foimd 
that  the  increase  in  chlorids  in  the  blood  after  the  injection  was  appar- 
ently less  than  the  chlorids  introduced. 

Hypertonic  salt  solution  was  first  administered  intravenously  to 
patients  by  Velden  ^°  in  1909.  Beginning  with  5  c.c.  of  a  10  per  cent, 
solution,  he  gradually  increased  the  dose  to  100  c.  c.  He  discovered 
that  a  striking  acceleration  of  the  coagulation  time  of  the  blood  took 
place,  and  used  it  with  good  results  in  cases  of  hemorrhaged^  The 
diminished  coagulation  time  after  hypertonic  sodium  chlorid  solution 
has  been  confirmed  and  has  been  shown  to  occur  after  the  intravenous 
administration  of  other  hypertonic  salt  solutions,  as  calcium  chlorid  ^^ 
and  sodium  citrate."  It  also  occurs  after  the  oral  administration  of 
sodium  chlorid.^*  It  has  been  supposed  that  some  coagulation  furthering 
substance  present  in  tissue  juice  is  drawn  into  the  blood  along  with  the 


5.  Brasol,  L. :    Arch.  f.  Anat.  u.  Physiol.  S.  210,  1884. 

6.  Kilkowitz,  S. :    Arch.  f.  Anat.  u.  Physiol.  S.  518.  1886. 

7.  Magnus,  R. :    Arch.  f.  Exper.  Path.  44:68,  1900. 

8.  Hirsch,  E. :    Ztschr.  f.  physiol.  Chem.  94:227,  1915. 

9.  Roily,  F.,  and  Christjanson,  A.:    Arch.  f.  e.xpcr.  Path.  u.  Pharmakol.  77: 
34,  1914. 

10.  Van  der  Velden,  R. :    Deutsch.  med.  Wchnschr.  35:197,   1909. 

11.  Van  der  Velden,  R. :   Zentralbl.  f.  Herz.  u.  Gefasskrankh.  11:61   (March) 
1919. 

12.  Schenk,  P.:    Ztschr.  f.  d.  ges.  exper.  Med.  11:166,  1920. 

13.  Blumel :    Med.  Klin.,  1910. 

14.  Neuhof,  H.,  and  Hirshfeld,  S. :    New  York  M.  J.  133:95  (Jan.  15)   1921. 


670  ARCHIVES    OF    IXTERXAL    MEDICINE 

tissue  fluid.  In  man  a  hypoglycemia  without  glycosuria  has  been 
observed  after  the  injection,  in  contrast  to  the  hyperglycemia  found 
in  rabbits. ^^ 

It  has  recently  been  reported  that  the  administration  of  hypertonic 
solutions  produces  a  general  inhibition  of  glandular  secretions,  including 
sputum,  sweat,  gastric  juice,  milk,  bile  and  the  thyroid  secretion. ^*^ 
For  these  effects  50  per  cent,  dextrose  solution  was  generally  used  in 
preference  to  hypertonic  salt  solution.  The  clinical  results  may  be 
mentioned  briefly.  Night  sweats  have  been  diminished,  gastric  hyper- 
acidity has  been  controlled,  with  relief  of  symptoms,  and  profuse 
expectoration  associated  with  suppurative  bronchitis,  asthma,  tuber- 
culosis or  pulmonary  edema  generally  has  been  much  decreased  after 
the  employment  of  these  hypertonic  solutions.^'  Profuse  choleraic 
diarrhea  and  severe  toxic  dysenteries  have  been  suppressed  in  like 
manner.  In  fourteen  out  of  fifteen  cases  of  hyperthyroidism  and  pro- 
nounced exophthalmic  goiter,  Stejskal  ^*^  observed  distinct  diminution 
in  the  size  of  the  thyroid  after  the  injection  of  hypertonic  solutions, 
with  marked  improvement  in  the  symptoms  and  signs  of  the  disease. 
Two  of  his  patients  continued  to  work  two  and  three  months,  respec- 
tively, after  treatment  without  evidence  of  symptoms.  The  glandular 
inhibition  presumably  arises  because  the  tissue  lavage  into  the  blood 
diminishes  the  supply  of  fluid  to  the  glands.  It  has  been  claimed  also 
that  there  is  an  accelerated  absorption  of  drugs  introduced  into  the 
body,  as  soditim  iodid  by  mouth,  cocain  applied  to  the  mucous  surfaces, 
and  arsphenamin  intravenously.^*' 

Wynn  ^®  tried  the  effect  of  hypertonic  salt  in  the  treatment  of 
neurosyphilis,  since  it  has  been  shown  that  with  the  fall  in  cerebro- 
spinal pressure  a  considerable  amount  of  subarachnoid  fluid  entered 
the  substance  of  the  central  nervous  system. ^^  He  gave  200  c.c.  of  15 
per  cent,  sodium  chlorid  solution  intravenously  in  the  hour  following 
intraspinal  injection,  but  found  no  serologic  or  cytologic  improvement 
over  the  usual  course  of  intraspinal  treatment.  Corbus  ^°  and  his 
co-workers  used  hypertonic  salt  as  a  method  of  spinal  drainage,  having 
shown  that  six  hours  after  the  injection  there  was  a  reabsorption  of 
serum  from  the  blood  stream  into  the  cerebrospinal  fluid  which  carried 
the  arsphenamin  introduced  intravenously  into  the  spinal  canal. 

Biirger  and  Hageman  -^  recommend  50  per  cent,  sugar  solution 
(grape  sugar)  in  doses  of  1  gm.  dextrose  per  kilo  body  weight.     They 
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are  now  applying  it  to  cases  of  lumbago  and  sciatica.  In  this  country 
favorable  results  following  hypertonic  sugar  solutions  have  been  reported 
in  influenzal  pneumonia,-^  in  other  severe  infectious  diseases,"  in 
traumatic  shock,-*  and  in  glaucoma.--^  Such  a  varied  usage  of  this 
relatively  new  therapeutic  measure  would  seem  to  offer  a  wide  field 
for  future  clinical  research.  In  this  report,  in  addition  to  the  effect 
on  the  composition  of  the  blood,  the  clinical  results  in  the  patients  with 
increased  cerebrospinal  pressure  will  be  mentioned. 

METHODS 

Absolute  changes  in  blood  volume  were  determined  by  the  vital 
red  method  of  Keith,  Rowntree  and  Geraghty,^*^  the  principle  of  which 
depends  on  the  color  dilution  of  a  known  amount  of  dye  when  circulated 
in  the  blood  stream.  A  sample  of  blood  is  first  drawn,  the  dye  is 
injected  and  allowed  to  circulate  for  three  minutes  for  thorough  mixing 
of  dye  and  blood,  and  a  second  blood  sample  is  withdrawn.  The  color 
dilution  of  the  dye  in  the  plasma  gives  a  quantitative  determination 
of  the  plasma  volume,  from  which  with  the  hematocrit,  the  total  blood 
volume  can  be  calculated.  By  utilizing  the  fact  that  no  appreciable 
amount  of  the  dye  is  excreted  in  the  first  ten  minutes,  it  was  possible 
to  make  a  second  determination  of  the  blood  volume  within  this  period. 
The  hypertonic  salt  solution  was  injected  and  a  third  blood  sample 
was  removed  within  this  interval.  Two  readings  were  thus  made  on 
the  identical  quantity  of  dye  injected,  which  served  as  an  accurate 
control  and  in  addition  allowed  the  measurement  of  blood  changes 
taking  place  immediately  after  the  injection.  Other  methods  of  record- 
ing absolute  blood  changes  are  more  time  consuming  and  apt  to  result 
in  a  merging  of  the  early  swift  changes  in  plasma  volume.  A  third 
determination  with  this  method  is  not  possible  for  twenty- four  hours, 
or  until  all  traces  of  the  dye  have  left  the  blood  stream.  Six  satis- 
factory determination  were  made  in  this  manner  in  Case  1   (Table  1). 

Relative  changes  in  blood  volume  were  determined  by  changes  in 
hemoglobin  content,  the  red  blood  cell  count,  and  the  hematocrit 
percentage.  The  formula  used  was  that  of  Boycott  and  Douglas, ^^  and 
may  be  illustrated  as  follows : 

120%    (hemoglobin  before)  ^  ioO=150  per  cent.,  or  the  blood 
80%   (hemoglobin  after) 
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volume  after  saline  injection  in  per  cent,  of  the  normal  or  original 
blood  volume. 

This  method  depends  on  the  assumption  that  the  volume  of  circu- 
lating hemoglobin  is  constant  under  control  conditions.  It  is  known 
that  the  red  corpuscle  content  of  the  blood  is  altered  by  a  number  of 
conditions,  among  them  low  oxygen  tension,^®  fright, ^^  exercise,  sweat- 
ing, administration  of  epinephrin,  abdominal  massage,^"  and  also  that 
it  varies  at  different  periods  of  the  day.^^  Consequently,  the  calcula- 
tion of  the  blood  volume  changes  for  any  length  of  time  on  the  basis 
of  variations  in  red  cell  or  hemoglobin  percentages  would  seem  to  be 
fraught  with  error.  Bogert,  Underbill  and  Mendel,^-  however,  found 
that  the  hemoglobin  of  rabbits  did  not  vary-  appreciably  for  a  period 
of  several  hours.  In  Case  1  of  this  series  comparisons  were  made 
between  the  blood  volume  changes  as  determined  by  vital  red  method 
and  the  relative  changes  as  determined  by  dilution  of  hemoglobin, 
red  corpuscles  and  hematocrit.  The  immediate  changes  following  the 
infusion  were  quite  comparable,  but  at  the  end  of  twenty- four  hours 
a  discrepancy  occurred.  It  seems  probable  that  for  short  periods  of 
time  relative  blood  volume  changes  can  be  determined  fairly  by  methods 
that  depend  on  hemoglobin  dilution,  but  for  periods  as  long  as  twenty- 
four  hours  an  error  may  be  introduced. 

The  analyses  of  the  blood  oxygen  and  carbon  dioxid  were  done 
by  the  method  of  \"an  Slyke  and  Stadie.^^  The  hemoglobin  was  calcu- 
lated from  the  oxygen  capacity.  The  chlorid  determinations  were 
carried  out  by  the  method  of  Wetmore.^*  Except  when  the  oxygen 
and  carbon  dioxid  contents  were  determined,  the  blood  was  not  with- 
drawn under  oil.  The  influence  of  a  diminishing  tension  of  carbon 
dioxid  on  the  distribution  of  chlorids  between  plasma  and  red  cor- 
puscles would  make  our  figures  for  the  plasma  chlorids  a  little  high.^^ 
For  this  reason  no  precise  comparisons  of  the  exchange  of  chlorids 
between  plasma  and  cells  following  injection  of  hypertonic  salt  solution 
have  been  made. 

In  the  case  of  rabbits  the  salt  solution  was  injected  into  the  ear 
vein,  and  the  blood  withdrawn  from  the  heart.  In  the  patients,  the 
brachial  veins  were  used. 


28.  Fitzgerald :    Quoted  from  Haldane,   T.   S. :    Organism   and  Environment 
1917,  p.  52. 
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189,  1916. 

ii.  Van  Slvke.  D.  D.,  and  Stadie,  W.  C. :    T.  Biol.  Chem.  49:1,  1912. 

34.  Wetmore,  A.  S. :    J.  Biol.  Chem.  45:113,  1920. 
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DISCUSSION     OF     RESULTS 

Blood  Voliiiiic. — The  most  striking  result  of  the  intravenous  injection 
of  hypertonic  saline  solution  was  an  immediate  and  marked  increase 
in  the  plasma  volume.  The  administration  of  100  c.c.  of  15  per 
cent,  sodium  chlorid  solution  was  followed  within  one  or  two  minutes 
after  the  injection  by  an  elevation  of  from  15  to  30  per  cent,  of  the 
total  blood  volume,  representing  a  pouring  into  the  blood  stream  of 
from  500  to  1,200  c.c.  of  tissue  fluid.  The  greatest  increase  in  blood 
volume  was  noted  approximately  thirty  seconds  after  the  injection, 
i.  e.,  as  soon  after  as  the  blood  could  conveniently  be  drawn.  From 
then  on  it  progressively  diminished,  and  in  most  cases  returned  nearly 
to  the  original  volume  within  three  and  one-half  hours.  In  one  case 
in  which  the  plasma  volume  was  abnormally  lowered  before  the  injec- 
tion, the  increased  blood  volume  persisted  for  four  days.  The  factors 
that  govern  the  magnitude,  the  time  relationship,  and  the  relative  per- 
manency of  the  changes  in  plasma  volume  may  be  grouped  as  follows: 
(1)  the  total  increase  in  chlorids  present  in  the  entire  circulating 
blood  at  the  time  of  the  analysis;  (2)  the  condition  of  the  kidneys. 
Other  factors,  such  as  the  amount  and  concentration  of  the  solution, 
the  speed  of  injection,  the  weight  of  the  subject,  and  the  amount  of 
chlorids  in  the  body,  may  be  considered  subdivisions  of  the  first  group. 
In  order  to  show  how  these  factors  explain  the  mechanism  of  the 
elevation  in  blood  volume,  the  chlorid  content  of  the  entire  blood  was 
determined  before  and  after  the  injection  of  hypertonic  salt  solution. 
The  total  increase  in  sodium  chlorid  was  then  compared  to  the  increase 
in  blood  volume.  It  was  found  the  volume  response  was  essenti'ally 
that  which  would  fulfil  the  isotonic  requirements  of  the  increased  salt. 
In  other  words,  the  normal  isotonic  concentration  of  the  blood  was  in 
the  main  preserved.     The   detailed   calculations    follow. 

The  chlorid  content  of  the  entire  circulating  blood  may  be  deter- 
mined by  multiplying  the  absolute  blood  volume  by  the  chlorid  concen- 
tration in  grams  per  liter  of  whole  blood.  Similarly,  the  chlorid  content 
of  the  entire  plasma  is  determined  by  multiplying  the  plasma  volume  by 
the  plasma  chlorid  concentration.  The  difference  between  these  two 
figures  gives  the  chlorid  content  of  the  entire  red  cells.  With  the  hemato- 
crit the  chlorid  concentration  of  red  corpuscles  in  grams  per  liter  can  be 
calculated  (Table  1).  If,  in  case  1,  these  figures  are  charted  graphically 
together  with  the  blood  and  plasma  volume  after  the  intravenous 
administration  of  hypertonic  salt  solution,  a  close  parallelism  is  found 
between  the  blood  and  plasma  volume,  on  the  one  hand,  and  the  total 
quantity  of  chlorid  in  the  circulating  blood  or  plasma  on  the  other. 
Slight  discrepancies  exist  which  will  be  discussed  later.  Between  the 
blood  volume  and  the  chlorid  concentration  in  grams  per  liter  of  whole 
blood  or  plasma  an  approximate  parallelism  is  present.     In  the  other 
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human  cases,  as  well  as  in  the  experiments  on  rabbits,  an  approximate 
parallelism  between  the  relative  blood  volume  after  the  administration 
of  hypertonic  salt  solution  and  the  chlorid  concentration  of  whole  blood 
or  plasma  is  also  present  (Tables  1,  2  and  4).  The  chlorid  concentra- 
tion in  the  red  corpuscles  and  the  chlorid  content  of  the  entire  red 
blood  cells  show  no  constant  relationship  to  the  blood  volume. 


Relation  between  blood  volume  and  blood  chlorids  following  the  intravenous 
administration  of  hypertonic  salt  solution.  Results  obtained  in  Case  1 :  B.  whole 
blood ;  P,  plasma ;  C,  cells.  The  upper  group  shows  the  total  blood,  plasma 
and  cell  volume,  expressed  in  liters  (L.) ;  the  middle  group,  the  total  sodium 
chlorid  in  whole  blood,  plasma  and  cells,  expressed  in  grams ;  the  lower  group, 
the  concentration  of  sodium  chlorid  in  whole  blood,  plasma  and  cells,  expressed 
in  grams  per  liter. 

Observation  (Obs.)  1  was  made  just  before  an  injection  of  100  c.c.  of  15 
per  cent,  sodium  chlorid.  Obs.  2,  two  minutes  after;  Obs.  3,  one  hour  after; 
Obs.  4,  twenty-four  hours  after;  Obs.  5,  one  hundred  hours  after  and  just 
before  the  second  injection;  Obs.  6,  thirty  seconds  after  the  second  injection; 
Obs.  7,  twenty-four  hours  after  the  second  injection. 
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It  thus  appears  from  the  chart  that  the  increase  in  total  chlorids 
of  either  blood  or  plasma  is  proportional  to  the  volume  increase  in 
either  blood  or  plasma.  It  may  be  mentioned  at  this  point  that  the 
increase  in  blood  volume  after  hypertonic  salt  injection  is  due  almost 
entirely  to  the  increase  in  the  plasma  volume.  An  exception  to  this 
occurred  in  Case  1,  twenty-four  hours  after  the  first  injection,  when 
apparently  a  considerable  increase  in  cell  volume  took  place.  For  the 
most  part,  however,  the  blood  volume  reflects  the  changes  in  the  plasma 
volume.  A  more  accurate  basis  for  comparing  the  blood  volume  and 
the  blood  chlorids  may  be  had  by  calculating  the  number  of  cubic  centi- 
meter of  water  theoretically  necessary  to  bring  the  increased  chlorids  in 
the  blood  into  an  isotonic  state.  This  is  done  simply  by  dividing  the 
total  chlorid  increase  in  grams  by  0.9.  If  this  number,  conveniently 
called  the  isotonic  equivalent  of  the  chlorid  increase,  is  compared  to 
the  actual  increase  in  blood  volume  reckoned  in  cubic  centimeter,  it 
is  found  that  at  times  they  are  approximately  equal  to  each  other,  and 
at  other  times  there  is  a  certain  divergence  (Table  1).  When  the 
actual  increase  in  blood  volume  after  injection  of  hypertonic  salt 
solution  is  equal  to  the  isotonic  equivalent'  of  the  chlorid  increase,  it 
is  evident  that  the  blood  remains  isotonic.  When  the  actual  increase  in 
volume  is  less  than  the  number  of  cubic  centimeter  of  water  necessary 
to  bring  the  increase  in  chlorids  to  isotonicity  (less  than  the  isotonic 
equivalent),  the  blood  is  obviously  to  some  extent  hypertonic,  provided 
other  conditions  remain  constant.  Thus,  in  Case  1,  after  the  first  injec- 
tion the  increase  in  chlorid  content  of  the  entire  blood  was  6.78  grn., 
its  isotonic  equivalent  was  754  c.c,  and  the  recorded  increase  in  blood 
volume  761  c.c.  In  this  instance  it  would  appear  that  the  increase  in 
blood  volume  was  the  amount  necessary  to  bring  the  chlorid  increase 
in  the  blood  into  an  isotonic  state,  and  consequently  that  the  osmotic 
pressure  of  the  blood  remained  approximately  as  it  was  before  the 
injection,  i.  e..  equal  to  a  solution  of  sodium  chlorid  of  a  concentra- 
tion of  0.9  per  cent. 

If  the  immediate  changes  after  the  second  injection  are  now 
examined,  the  chlorid  increase  is  seen  to  be  10.56  gm.,  its  isotonic 
equivalent  1173  c.c,  and  the  recorded  increase  in  blood  volume  894  c.c. 
In  this  case,  279  c.c.  of  fluid  are  theoretically  still  needed  to  bring  the 
chlorid  increase  to  an  isotonic  state.  The  blood  would  thus  appear 
to  be  hypertonic,  containing  a  total  excess  of  2.51  gm  of  chlorid  above 
the  physiologic  concentration,  or  0.537  gm.  per  liter. 

The  provision  was  made  in  these  calculations  concerning  the 
isotonicity  of  the  blood  that  the  other  factors  involved  remained  con. 
stant.  The  other  factors  involved  in  maintaining  the  osmotic  pressure 
of  the  blood  do  not,  however,  remain  constant,  but  undergo  marked 
changes.  Their  alterations  complicate  but  at  the  same  time  strengthen 
the  conclusions  drawn. 
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Assuming  that  the  osmotic  pressure  of  the  blood  before  the  second 
injection  was  equal  to  that  of  physiologic  solution  of  sodium  chlorid,  0.9 
per  cent.,  the  part  played  by  tlie  chlorids  in  the  blood  in  maintaining  the 
osmotic  pressure  is  equivalent  to  0.482  per  cent.  (The  chlorid  con- 
centration of  whole  blood  before  the  second  injection  was  4.82  gm. 
per  liter.)  There  are,  thus,  0.418  per  cent,  (of  the  osmotic  pressure 
of  the  blood  in  terms  of  physiologic  sodium  chlorid  solution)  to  be 
furnished  by  other  substances,  such  as  glucose,  sodium  bicarbonate, 
other  salts,  and  colloids.  After  the  second  injection,  the  chlorid 
concentration  of  whole  blood  was  6.16  gm.  per  liter,  an  increase  of 
1.34  gm.  per  liter.  It  would  appear  at  first  glance  that  each  liter  of 
blood  was  hypertonic  to  the  extent  of  1.34  gm.  per  liter,  whereas  in 
the  previous  calculations  from  the  increase  in  blood  volume,  the  hyper- 
tonicity  was  estimated  at  0.537  gm.  per  liter.  The  difference  between 
the  two,  0.803  gm.  per  liter,  does  not,  however,  represent  additional 
hypertonicity,  but  takes  the  place  of  the  osmotic  substances  other  than  ■{ 

chlorids  that  are  lost  from  each  liter  of  blood  by  dilution  with  tissue 
fluid.  Thus,  after  the  injection,  894  c.c.  of  new  fluid  was  found  in 
the  blood  stream.  The  substances  making  up  the  0.418  per  cent,  of 
the  osmotic  pressure  (glucose,  sodium  bicarbonate,  etc.)  of  necessity 
spread  equally  throughout  the  new  blood  volume  and  become  cor- 
respondingly diminished  in  each  liter  of  blood,  so  that  the  concentration 
of  these  substances  became  0.338  per  cent.,  or  a  loss  of  0.80  gm.  per 
liter.  This  is  equal  to  the  discrepancy  noted  above,  and  represents  a 
replacement  by  chlorid  of  the  osmotic  substances  lost  by  dilution.  The 
concentration  of  these  substances  after  the  injection,  0.338  per  cent., 
plus  the  chlorid  concentration  after  the  injection,  0.616  per  cent.,  equals 
0.954  per  cent.,  representing  a  hypertonicity  equivalent  to  0.54  gm. 
per  liter,  which  corroborates  the  original  calculation  of  0.537- gm.  per 
liter  (0.338  per  cent.,  or  the  concentration  of  the  other  osmotic  sub- 
stances in  terms  of  sodium  chlorid  after  salt  injection,  is  derived  as 
follows :  0.418  per  cent,  [concentration  of  substances  before  injection] 
X  3781  [blood  volume  before]  -f-  4675  [blood  volume  after]  =  0.338 
per  cent.). 

Similiar  calculations  applied  to  the  results  immediately  after  the 
first  injection  indicate  that  the  blood  was  practically  isotonic  in  this 
instance,  corroborating  the  agreement  between  the  isotonic  equivalent 
of  the  chlorid  increase  and  the  actual  increase  in  blood  volume. 

Twenty- four  hours  after  the  first  injection,  the  actual  increase  in 
blood  volume  appears  somewhat  greater  than  the  isotonic  equivalent  of 
the  sodium  chlorid  increase.  Thus,  the  sodium  chlorid  increase  of  the 
entire  blood  was  4.78  gm.,  its  isotonic  equivalent  532  c.c,  the  actual 
increase  in  blood  volume  001  c.c.     It  must  be  remembered,  however. 
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that  the  osmotic  substances  other  than  sodium  chlorid  which  become 
diluted  through  the  ingress  of  tissue  fluid  probably  revert  to  their 
original  concentration  after  twenty-four  hours,  and  restore  the  osmotic 
substances  lost  by  dilution.  If  this  calculation  is  carried  out  on  that 
basis,  the  blood  concentration  is  practically  isotonic.  Similarly,  the 
increase  in  blood  volume  twenty-four  hours  after  the  second  injection 
is  in  excess  of  the  isotonic  equivalent,  but  that  excess  is  again  equivalent 
to  the  osmotic  substances  that  presumably  enter  the  blood  from  the 
tissues  to  maintain  the  original  concentration.  The  calculation  on  this 
basis  again  yields  a  practically  isotonic  concentration.  (Thus,  0.485 
per  cent,  [concentration  of  osmotic  substances  before  second  injection] 
-(-0.418  per  cent,  [chlorid  concentration  after  injection]  ^0.903  per 
cent.). 

It  would  appear  from  these  results  that  the  total  increase  in  chlorids 
present  in  the  circulating  blood  at  the  time  of  analysis  is  the  primary 
determinant  of  the  blood  volume  following  hypertonic  salt  solution 
injection.  The  amount  of  increase  of  the  blood  volume  corresponds 
approximately  to  the  amount  of  fluid  necessary  to  render  the  increased 
chlorids  isotonic. 

The  discrepancies,  which  occur  twenty-four  hours  following  the 
injection,  have  been  explained  above.  Thirty  seconds  after  the  second 
injection,  the  blood  was  apparently  to  some  degree  hypertonic,  inasmuch 
as  the  increase  in  blood  volume  did  not  fully  meet  the  requirements 
for  isotonicity.  Thorough  mixing  of  blood  and  chlorides  was  probably 
not  established,  so  that  this  may  not  have  represented  the  condition 
throughout  the  entire  body.  It  will  be  remembered  that  a  depression  of 
the  freezing  point  of  the  serum  after  hypertonic  salt  has  been  demon- 
strated in  animals,  but  in  these  investigations  the  amount  of  salt  injected 
was  relatively  much  larger. 

The  second  important  factor  in  determining  the  permanency  of  the 
increased  blood  volume  appears  to  be  the  condition  of  the  kidneys. 
Boycott  and  Douglas  ^^  showed  that  after  the  injection  in  rabbits  of 
a  quantity  of  physiologic  solution  of  sodium  chlorid  equal  to  the 
calculated  blood  volume,  the  original  blood  volume  returned  to  normal 
within  thirty  minutes.  Two  thirds  of  the  injected  quantity  left  the 
circulation  during  the  administration,  the  duration  of  which  was  five 
minutes.  This  occurs  with  both  ureters  ligated,  but  in  rabbits  in  whom 
uranium  nephritis  had  been  produced,  the  blood  volume  failed  to 
return  to  normal  in  the  allotted  time.  When  double  strength  Ringer's 
solution  was  injected,  only  one  third  of  the  injected  amount  left  the 
circulation  in  the  first  five  minutes.     White  and  Erlanger  ^''  found  that 


Z6.  Boycott,  A.  E.,  and  Douglas,  C.  J.:    J.  Path.  &  Bacteriol.  19:221,  1914. 
27.  White,  H.  L.,  and  Erlanger,  J.:    Am.  J.  Physiol.  54:1,   1920. 
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in  dogs  a  strongly  hypertonic  solution  of  glucose  and  gum  acacia  solu- 
tion caused  a  marked  increase  in  relative  blood  volume  which  gradually 
fell  but  did  not  return  to  normal  in  several  hours.  Magnus  '  studied 
the  diuresis  taking  place  in  rabbits  after  the  intravenous  administration 
of  salt  solutions  of  varying  concentrations,  and  found  the  degree  of 
diuresis  ran  parallel  to  the  degree  of  blood  dilution.  Galeotti  ^^  found 
that  the  diuresis  varied  inversely  as  the  molecular  concentration  of  the 
blood.  The  urinary  output  could  not  be  followed  in  the  present  study 
as  most  of  the  patients  were  incontinent.     None  of  the  patients  had 


TABLE  3.— Relative  Blood  Volume  Following  Hypertonic   Salt  Solution 


Case  No. 
Diag- 
nosis, 
and 
Age 


Administration  of  Salt  Solution 


6        1  lOOcc. 

Brain  15% 

tumor  ?  NaCl 
30  years 


7 
Brain 
tumor 
28  years 


Brain 
tumor 
29  years 


9 
Polycy- 
themia 

vera 
55  years 


100  C.C. 

15% 
NaCl 


100  CO. 
15% 
NaCl 


100  C.C. 
10% 
NaCl 


Dura- 
tion 


12  min. 


3  min. 


Avenue 


Time  of 
Observa- 
tion 


Hema- 
tocrit 

Cells, 
% 


Blood 
Volume 
Calcu- 
lated 
from 
Hema- 
tocrit, 
% 


Kemarks 


Intra-     Before 47.2 

venous       1  min.  after....  36.9 

2  min.  after....  36.8 

30  min.  after....  39.3 

;    1%  hrs.  after...  39.0 

24  hrs.  after 41.2 


Intra- 
venous 


Intra- 
venous 


By  stom-  Before 72.0 

ach  tube   15  min.  after 69.0 

30  min.  alter....  68.4 

1  hr.  after 67.5 

1%  hrs.  after...  67.8 


46.0 

^2  min. 
1  min. 
3  min. 
3  hrs. 

after.... 
after — 
after. . . . 
alter 

39.1 
42.5 
44.0 
44.0 

46.4 

1  min. 

3  min. 
10  min 
22  min 
40  min 

after 

after — 
after — 
after — 
after — 

40.3 
41.8 
43.8 
44.1 
44.6 

100 
128 
128 
120 
121 
114 


lOO 
118 
108 
105 
105 

100 
115 
111 
106 
105 
104 

100 
104 
105 
107 
106 


Sleepy;  severe  headache 
relt  very  hot 

Headache  gone 
No  longer  sleepy 
Patient    brighter;     no 
headache 

Slight  headache 
Face  felt  hot 

Headache  gone 


Headache 
Pelt  very  hot 


Headache     gone; 
complaints 


demonstrable  nephritis.  In  some  of  the  rabbits,  hov/ever,  chlorid  reten- 
tion was  present  in  the  blood,  shown  by  the  immediate  increase  in 
blood  chlorids  failing  to  drop  to  normal  subsequently.  In  these  rabbits 
there  was  a  parallel  maintenance  of  the  increased  blood  volume. 
Instances  of  the  normal  reaction  in  rabbits,  an  abrupt  rise  in  blood 
volume  immediately  after  the  injection  followed  by  a  gradual  fall,  may 
be  seen  in  experiments  1  and  3  (Table  5).  In  experiments  5,  6,  7  and 
8  (Table  4)  the  relative  blood  volume  showed  an  immediate  increase 
which  either  remained  stationary  or  became  further  elevated,  and  the 
chloride  concentration  of  the  blood  and  plasma  likewise  remained  ele- 
vated.  It  is  to  be  remembered  that  the  chlorids  of  the  entire  blood  were 


38.  Galeotti,  G. :    Arch.  f.  Physiol.,  1902,  p.  200. 
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not  obtained  so  that  precise  relationships  between  blood  volume  and 
blood  salt  are  not  intended.  In  experiments  7  and  8,  the  hypertonic  salt 
solution  was  administered  by  stomach  tube,  the  blood  volume  becoming 
progressively  higher  during  the  twenty-four  hours  following  the  inges- 
tion of  the  salt,  and  the  chlorid  concentration  of  the  blood  steadily 
rising  in  parallel  fashion.  It  becomes  apparent  from  these  data  that  in 
the  case  of  rabbits  unable  to  excrete  salt  the  retention  of  chlorids  in  the 
blood  is  associated  with  the  retention  of  an  increased  plasma  volume. 

There  are  other  factors  that  have  a  more  or  less  obvious  bearing  on 
the  elevation  in  blood  volume  due  to  hypertonic  salt  solution.  The 
slower  the  speed  of  administration,  the  less  will  be  the  amount  of 
increase  in  blood  volume,  since  the  increased  fluid  is  constantly  leaving 
the  blood  stream.  Where  a  uniform  amount  of  solution  is  administered, 
the  weight  of  the  subject  will  be  an  evident  factor.  In  Case  1,  it  was 
seen  that  6.78  gm.  of  salt  were  found  increased  in  the  blood  two 
minutes  after  the  first  injection  of  15  gm.,  and  10.56  gm.  one-half 
minute  after  the  second  injection  of  15  gm.  Granting  that  a  certain 
amount  of  chlorids  were  excreted  through  the  kidney  and  intestine, 
it  is  evident  that  the  larger  part  was  taken  up  by  the  tissues.  Before 
the  first  injection  the  total  chlorids,  as  Avell  as  the  chlorid  concentration 
were  low,  whereas  before  the  second  injection  the  total  chlorids  and 
the  chlorid  concentration  were  considerably  higher.  This  suggests  that 
the  paucity  of  body  chlorids  in  the  first  instance  was  responsible  for 
the  tissues  taking  up  more  chlorid  than  in  the  second  instance,  in  which 
the  chlorid  concentration  and  total  chlorids  were  already  relatively  high. 
The  suggestion  is  purely  a  tentative  one,  and  it  must  be  admitted  that  the 
differing  time  intervals  following  the  injection  may  be  partly  the  cause 
of  the  discrepancy. 

From  our  results  in  the  series  of  patients  studied,  no  typical  curve 
of  blood  volume  following  the  administration  of  hypertonic  salt  solu- 
tion was  found.  It  is  obvious  that  there  are  sufficient  reasons  for  this. 
The  persons  studied  were  not  normal  but  severly  ill.  The  treatment 
of  each  patient  varied,  and  the  diet  and  fluid  intake  likewise  varied 
according  to  the  therapeutic  indications.  Although  a  uniform  amount 
of  solution  was  generally  given,  this  meant  a  var}'ing  dosage  in  terms 
of  salt  per  kilogram  of  body  weight.  The  speed  of  injection,  as  well 
as  the  time  of  making  observations,  was  not  kept  constant.  No  typical 
response  of  the  blood  volume  was  thus  found  but  certain  general  char- 
acteristics can  be  described  as  well  as  the  probable  mechanism. 

After  the  intravenous  injection  a  rapid  rise  in  blood  volume  was 
followed  by  a  gradual  fall.  The  greatest  increase  appeared  to  be 
present  immediately  after,  i.  e.,  30  seconds  after  the  end  of  the  injec- 
tion. In  all  of  the  determinations,  except  one,  a  substantial  return 
toward  the  original  blood  volume  occurred  in  from  one  to  three  and 
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one-half  hours  after  the  injection  (Tables  1,  2  and  3).  In  the  one  case 
referred  to  the  elevated  blood  volume  persisted  for  four  days,  an 
observation  which  was  confirmed  by  a  vital  red  determination.  Esti- 
mations of  blood  volume  from  hemoglobin  determinations  twenty-four 
hours  after  the  injection  cannot  be  considered  reliable,  as  pointed  out 
earlier  in  this  paper.  It  is  believed,  however,  that  relative  variations 
in  blood  volume  can  fairly  be  told  from  hemoglobin  determinations 
taken  within  from  one  to  four  hours  of  each  other. 


TABLE  5.— Relative  Blood  Volume  Following  Intravenous  Administration 
OF  Hypertonic  Salt  Solution 


Experi- 
ment 
Number 

and 
Weight 

of 
Animal 

Injection  of  15% 
NaCl 

Hema- 
tocrit 
Red 
Cells, 
% 

Blood 

Volume 
Calcu- 
lated 
from 
Hema- 
tocrit, % 

Blood 
With- 
drawn, 
Co. 

, 

Amount 

Dura- 
tion 
of  In- 
jection 

Time  of 
Observation 

Remarks 

1 

3  kg. 

Babbit 

2 

3  kg. 

Rabbit 

8c.c. 
3c.c. 

1  min. 
Imin. 

Imin. 

24.0 
13.5 
16.5 
17.3 
18.5 

30.0 
27.0 
27.0 

27.5 
27.0 
27.0 
21.5 
21.2 

36.6 
23.9 
30.0 

100 
178 
155 
139 
130 

100 
HI 
111 
109 
111 
HI 
139 

100 
153 

122 

\l 

7  min.  after 

22  min.  after 

26  min.  after 

1%  hrs.  after 

Marked  tachypnea 
No  ill  effects 

V2  min.  after 

5  min.  after 

30  min.  after 

45  min.  after 

2  hrs.  after 

3  hrs.  after 

24  hrs.  after 

Before 

No  iU  effects 
Ether  anesthesia 

3.5  kg. 
Cat 

3  min.  after 

1  hr.  after 

It  is  interesting  to  note  that  the  example  of  ,a  persistently  elevated 
blood  volume  occurred  in  a  patient  who  had  an  abnormally  low  plasma 
volume  associated  with  a  low  blood  chlorid  concentration  and  a  low 
total  chlorid  content.  After  the  first  injection,  the  plasma  volume  and 
the  chlorid  figures  were  approximately  normal,  and  maintained  their 
normality  until  the  second  injection.  After  the  second  injection,  a 
rapid  rise  in  blood  volume  occurred,  followed  by  a  substantial  return  to 
the  previous  figure  in  three  and  one-half  hours,  as  shown  by  the 
hemoglobin  determinations.  Similarly,  after  the  third  injection,  the 
relative  blood  volume  (as  calculated  from  the  hemoglobin,  red  corpuscle, 
and  hematocrit  dilution)  showed  a  sharp  elevation,  followed  by  a 
gradual  fall,  approaching  normal  in  three  hours  (Table  1).  The  reason 
for  this  variation  in  response  may,  perhaps,  be  found  in  the  tendency  of 
the  organism  to  revert  to  or  maintain  the  normal.  In  the  presence  of 
a  low  blood  volume  and  a  low  total  chlorid  content  the  increase  in 
volume  and  chlorid  content  of  the  blood  persisted.  In  the  presence  of  a 
normal  blood  volume  and  blood  chlorid  the  elevation  above  the  normal 
on  two  occasions  was  quite  temporary,  returning  largely  to  the  normal 
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figures  within  three  and  one-half  hours.  It  is  freely  admitted  that 
this  reasoning  is  hypothetical  and  may  not  at  all  account  for  the  facts. 

It  was  shown  in  Case  1  that  the  increase  in  blood  volume  was 
approximately  equal  to  the  number  of  cubic  centimeters  of  water 
theoretically  required  to  render  the  increased  chlorids  in  the  blood 
isotonic.  On  this  basis,  the  maximum  increase  due  to  administration  of 
15  gm.  salt  w'ould  be  1,666  c.c.  As  a  matter  of  fact,  however,  this 
amount  is  never  actually  reached  since  a  certain  portion  of  the  chlorids 
enters  the  tissues  or  is  excreted  the  moment  it  arrives  in  the  blood 
stream.  The  maxium  increase,  expressed  in  terms  of  relative  blood 
volume,  varied  in  individual  cases  from  115  to  130  per  cent,  of  the 
original  blood  volume.  This  would  represent  a  range  of  increase  of 
from  500' to  1.200  c.c.  of  tissue  fluid.  In  the  two  instances  in  which 
the  absolute  blood  volume  was  measured  by  the  dye,  the  maxium 
increase  was  761  c.c.  after  the  first  injection  and  894  c.c.  after  the 
second  injection. 

In  Case  4  (Table  2),  100  c.c.  of  1,500  per  cent.  Ringer's  solution 
(fifteen  times  stronger  than  standard  Ringer's  solution)  was  injected. 
This  patient  was  unrelieved  of  his  headache,  and  there  was  no  fall  in 
spinal  pressure,  as  shown  by  manometer  readings.  It  is  interesting  to 
note  that  the  increase  in  blood  volume  and  in  blood  chlorids  was  of 
very  slight  degree.  The  reason  for  this  can,  in  part,  at  least,  be 
accounted  for  by  the  lessened  amount  of  chlorids  present  in  Ringer's 
solution,  but  the  changes  still  seem  of  lesser  degree  than  one  would 
expect.  The  serum  directly  following  the  injection  was  deeply 
hemolyzed,  an  effect  presumably  due  to  the  excess  potassium  in  the 
solution.  It  is  of  some  interest  to  note  that  in  this  case  a  hypertonic 
salt  solution  was  given  without  any  fall  in  cerebrospinal  pressure,  and 
wnth  minimal  evidence  of  blood  dilution.  In  the  other  cases  so  tested, 
the  fall  in  cerebrospinal  pressure  was  accompanied  by  considerable 
blood  dilution.  The  findings  strongly  suggest  that  the  drop  in  cerebral 
pressure  when  it  does  occur  is  due  to  a  volume  change  dependent  on 
egress  of  fluid  from  the  brain  to  the  blood  stream. 

In  the  two  persons  to  whom  the  salt  was  administered  by  mouth 
either  a  smaller  amount  or  a  smaller  concentration  was  given.  The 
result  was  that  a  much  smaller  increase  in  blood  volume  occurred  and 
that  the  maximum  increase  took  place  more  than  one-half  hour  after 
the  injection  rather  than  immediately  afterward.  The  rabbits  received 
a  much  larger  dose  by  mouth  than  they  did  intravenously,  but  the 
resultant  increase  in  blood  volume  was  about  the  same  in  the  two 
groups.  The  two  rabbits,  which  received  the  salt  by  mouth  showed  a 
progressively  increasing  blood  volume  associated  with  a  progressively 
increasing  blood  concentration,  as  was  discussed  above.  It  may  be 
mentioned  in  this  connection  that  Folev  and  Putnam  ^^  found  that  the 
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oral  administration  of  hypertonic  salt  caused  a  fall  in  cerebrospinal 
pressure  similar  to  the  intravenous  administration  provided  that  larger 
amounts  of  salt  were  given. 

Red  Corpuscles  and  Hemoglobin. — There  were  no  significant 
changes  in  the  red  blood  cells,  except  their  decrease  in  number  due  to 
dilution.  No  hemolysis  occurred  as  a  result  of  hypertonic  sodium 
chlorid  injection.  In  the  case  in  which  hypertonic  Ringer  solution  was 
given,  the  hemolysis  was  probably  due  to  the  abnormal  amount  of 
potassium  present.  Examination  of  the  serum  spectroscopically  for 
traces  of  hemoglobin  or  for  increased  amounts  of  bilirubin  was  done  in 
two  cases  with  negative  results. ^^ 

In  Case- 2  (Table  4)  the  red  cells  showed  a  slight  increased  resis- 
tance to  hypotonic  saline  three  minutes  after  injection  with  a  return 
to  the  normal  fragility  twenty- four  hours  later.  Before  the  injection 
the  chlorid  content  of  the  red  corpuscles  was  0.64  gm.  per  liter ;  three 
minutes  after  0.75  gm.  per  liter;  twenty-four  hours  after  1.50  gm.  per 
liter.  The  finding  of  temporary  lessened  fragility  is  probably  explain- 
able on  the  supposition  that  the  increased  chlorid  content  of  the  cell 
had  not  been  reduced  to  isotonicity  within  three  minutes.  In  this  case 
it  appears  that  the  red  corpuscles  had  swollen  at  the  end  of  twenty-four 
hours,  inasmuch  as  the  hemoglobin  and  red  blood  cell  count  still  showed 
dilution  and  the  hematocrit  had  largely  returned  to  the  original  value. 
The  striking  increase  in  the  chlorid  content  of  the  red  cell  from  0.64 
to  1.50  makes  this  seem  plausible.  In  Case  3  (Table  2)  the  fragility 
test  was  made  with  control  cells  but  with  equal  quantities  of  fhe 
plasma  before  and  after  the  injection  of  hypertonic  salt  solution.  No 
change  in  fragility  resulted  from  admixture  with  plasma  taken  after  the 
salt  injection. 

Oxygen  and  Carbon  Dioxid  Content  of  Venous  Blood.- — ^The  venous 
oxygen  content  was  markedly  lowered,  reflecting  and  largely  due  to  the 
diminution  in  oxygen  capacity.  There  was  in  one  instance  (Case  2, 
Table  2)  a  lowering  of  the  venous  saturation  that  may  have  represented 
a  slight  slowing  up  of  blood  flow  due  to  sudden  increase  in  blood 
volume.  In  the  other  three  cases,  the  lowering  of  the  venous  satura- 
tion was  too  slight  to  be  significant.  The  carbon  dioxid  content  of 
venous  blood  showed  no  constant  or  decided  changes  in  the  three  cases 
in  which  this  was  carried  out  (Table  2). 

Clinical  Residts. — No  harmful  effects  following  the  administration 
of  hypertonic  salt  solution  were  observed.  The  precaution  was  taken  to 
exclude  any  case  that  gave  evidence  of  renal  disease.  The  six  patients 
with  brain  tumor  who  had  increased  cerebrospinal  pressure  were  all 
symptomatically  improved.    The  symptums  that  were  especially  relieved 


39.  These  examinations  were  performed  b}'  Dr.  Chester  M.  Jones. 
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were  headache  and  stupor  (remarks  in  Tables  1,  2  and  3).  In  one 
instance  a  patient  was  inarticulate  before  the  injection  and  afterward 
could  make  herself  understood  by  a  slurring  speech.  The  relief  of 
symptoms  generally  lasted  one  day.  One  patient,  who  for  six  weeks 
had  suffered  continuously  from  severe  headache  and  stupor,  became 
wide  awake  and  completely  free  from  headache  twenty  minutes  after 
the  injection,  and  remained  so  for  three  days,  when  her  symptoms 
began  gradually  to  return.  Among  the  immediate  effects  was  the  sensa- 
tion of  feeling  very  hot.  All  the  patients  who  were  able  to  talk  com- 
plained of  it.  This  disappeared  within  twenty  or  thirty  minutes  of  the 
injection.  There  was  a  temporary  rise  in  pulse  rate  of  between  five  and 
fifteen  beats  and  in  systolic  blood  pressure  of  between  10  and  40  mm., 
maximal  immediately  after  the  injection  and  returning  to  normal 
usually  within  thirty  minutes  of  the  injection.  In  no  instance  was 
there  a  rise  in  temperature  of  more  than  1  degree  (F).  In  the  patient, 
who  had  a  fracture  of  the  skull  and  to  whom  1,500  per  cent.  Ringer's 
solution  was  given,  no  beneficial  effects  were  observed.  In  the  patient 
with  polycythemia  to  wiiom  the  salt  was  administered  by  mouth,  no 
definite  change  in  condition  was  manifest. 

SUMMARY     AND     CONCLUSIONS 

1.  Hypertonic  salt  solution  was  administered  intravenously  to  six 
patients  with  brain  tumor  and  to  one  patient  with  a  fractured  skull, 
by  mouth  to  one  patient  with  polycythemia  and  to  one  normal  person, 
intravenously  and  by  mouth  to  eight  rabbits.  Observations  were  made 
on  the  blood  volume,  the  blood  chlorid  concentration,  the  total  chlorid 
content  of  the  blood,  the  effects  on  red  corpuscles  and  hemoglobin,  the 
venous  oxygen  and  carbon  dioxid  content,  and  the  clinical  condition  of 
the  patients. 

2.  The  immediate  eft"ect  of  the  intravenous  injection  of  100  c.c.  of 
15  per  cent,  sodium  chlorid  solution  was  a  marked  increase  in  plasma 
volume.  Reckoned  in  terms  of  relative  blood  volume,  the  increase 
was  between  15  and  30  per  cent,  of  the  original  blood  volume,  and  the 
calculated  increase  on  this  basis  between  500  and  1,200  c.c.  of  tissue 
fluid.  In  two  instances  in  which  the  absolute  blood  volume  was 
determined  by  the  vital  red  dye  method  the  maximum  increase  in  one 
case  was  761  c.c.  and  in  the  other  894  c.c.  The  increase  in  blood 
volume  reflected  and  was  almost  wholly  due  to  the  increase  in  plasma 
volume. 

After  the  injection  there  was  a  more  gradual  fall  in  blood  volume, 
in  most  cases  largely,  although  not  entirely,  returning  to  the  original 
volume  within  three  and  one-half  hours.  In  one  case  that  had  an 
abnormally  low  blood  volume  the  increase  persisted  for  four  days. 
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3.  An  increase  in  blood  volume  followed  the  oral  administration  of 
hypertonic  sodium  chlorid,  but  was  relatively  of  lesser  degree  and 
slower  onset. 

4.  The  mechanism  of  elevation  and  maintainance  of  the  blood 
volim:ie  after  hypertonic  salt  administration  appeared  to  be  dependent 
on  the  behavior  of  chlorids  in  the  blood.  Following  the  injection  of 
15  gm.  sodium  chlorid  solution  in  two  determinations  in  Case  1,  there 
was  found  an  increase  of  approximately  6  gm.  in  the  first  and  10  gm. 
in  the  second. 

In  the  first  instance  the  amount  of  increase  in  plasma  volume  was 
equal  to  the  amount  of  water  theoretically  required  to  render  the 
increased  chlorids  isotonic.  In  the  second  instance  the  plasma  volume 
increase  was  slightly  less  than  the  theoretic  requirement  of  the  added 
chlorid,  indicating  that  in  a  portion  of  the  blood  stream  at  least  the 
blood  was  slightly  hypertonic.  Essentially,  however,  the  increase  in 
blood  volume  corresponded  to  the  isotonic  equivalent  of  the  introduced 
salt.  In  the  other  human  cases  and  in  the  animal  experiments  the  rise 
and  fall  in  blood  volume  generally  ran  approximately  parallel  to  the 
blood  chlorid  concentration. 

In  rabbits  showing  an  inability  to  excrete  chlorid,  the  increased 
blood  volume  persisted  elevated  with  a  parallel  maintenance  of  the 
increased  blood  chlorid  concentration. 

5.  The  red  corpuscles  showed  no  impairment  due  to  the  introduction 
of  hypertonic  sodium  chlorid  solution.  In  one  case  there  was  a 
temporary  lessening  of  fragility.  The  oxygen  carrying  power  of.  the 
hemoglobin  was  intact.  There  was  no  free  hemoglobin  spectro- 
scopically,  or  any  increase  in  bile  pigment.  In  one  patient,  to  whom  a 
markedly  hypertonic  Ringer's  solution  was  given,  evidence  of  hemolysis 
appeared  in  the  serum,  due  presumably  to  the  abnormal  amount  of 
potassium  present. 

6.  No  significant  changes  in  oxygen  saturation  or  carbon  dioxid 
content  of  the  venous  blood  were  found. 

7.  In  the  six  patients  with  brain  tumor,  who  had  an  increased 
cerebrospinal  pressure,  symptomatic  improvement  occurred  in  all.  This 
was  mainly  manifested  in  the  relief  of  headache  and  stupor.  No  harm- 
ful efifects  were  observed.  It  appears  likely  that  the  fall  in  cerebro- 
spinal pressure  that  follows  the  intravenous  or  oral  administration  of 
hypertonic  salt  solution  is  a  volume  change  dependent  on  the  egress  of 
fluid  from  the  brain  to  the  blood  stream. 

We  wish  to  express  our  thanks  to  Dr.  Stanley  Cobb  and  Dr.  Tames  B.  Aver 
for  finding  us  neurologic  cases  at  the  Massachusetts  General  Hospital,  and 
to  Dr.  James  H.  Means  for  his  interest  and  aid  durmg  the  course  of  the  work. 
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ROENTGEN-RAY    DOSAGE    IN    TREATMENT    AND    R-^DIOGRAPHY. 
By  W.  D.  WiTHERBEE  and  John  Remer. 

This  book  sets  forth  the  authors'  views  on  filtered  and  unfiltered  dosage 
by  roentgen  rays,  and  gives  a  bird's-eye  view  of  the  field  of  usefulness  for 
roentgen-ray  therapy.  Such  information  has  been  in  great  demand  since  the 
use  of  the  rays  has  been  so  widespread.  The  quantities  given  for  filtered 
roentgen-ray  dosage  assume  the  theory  that  at  twice  the  skin-target  distance 
the  therapeutic  effect  is  one-half  as  great.  This  is  contrary  to  the  statements 
of  other  writers  and  is  contrary  to  the  accepted  laws  for  radiant  energy  which 
state  that  the  quantity  of  rays  varies  inversely  as  the  square  of  the  distance. 
Readers  who  are  accepting  the  quantities  set  down  for  filtered  dosage  should 
be  aware  of  this   departure  from  the  usual   computations   and  measurements. 
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THE     PATHOLOGY     OF     BRONCHIAL     ASTHMA* 
HARRY     L.     HUBER     and     KARL     K.     KOESSLER 

CHICAGO 
INTRODUCTION 

In  a  clinical  study  of  a  certain  type  of  food  asthma,  pul)lished  nearly 
ten  years  ago,^  one  of  us  expressed  the  conception  that  bronchial  asthma 
is  a  manifestation  of  allergy  in  the  human,  in  the  following  concluding 
sentences :  'Tn  most  cases  of  bronchial  asthma  the  causative  factor 
lies  in  the  allergic  reactibility  of  the  individual."  and,  "The  multiplicity 
of  asthmatogenous  substances  is  explained  by  the  multiplicity  of  proteins 
which  may  act  as  anaphy lactogens." 

The  later  clinical  and  immunologic  studies  of  Walker,  Cooke, 
Rackeman,  and  Mackenzie,  undertaken  from  the  same  point  of  view, 
have  greatly  elaborated  the  evidence  for  this  conception  and  have 
brought  forward  more  detailed  proofs  for  its  correctness  and  general 
validity  for  the  majority  of  all  cases  of  asthma.  Since  allergy  in  the 
end  means  changed  tissue  reaction,  it  is  ol)vious  that  the  investigatjon 
of  any  allergic  condition  in  the  human  must  necessarily  take  up  the 
question  whether  demonstralile  morphologic  changes  are  associated  with 
the  physicochemical  changes  which  are  the  first  reactions  of  the  organ- 
ism toward  the  protein  acting  as  an  allergen. 

The  histologic  examination  of  the  animal  Ixxly  postmortem  has 
furnished,  in  one  particular  form  of  allergy,  anaphylaxis,  very  impor- 
tant information  which  is  of  the  greatest  value  in  the  diagnosis  and 
characterization  of  the  anaphylactic  death  and  for  our  understanding 
of  the  pathologic  physiology  of  this  immunologic  phenomenon.  It 
suggests  at  the  same  time  that  diiTerent  organ-systems  and  structures 
are  primarily  invohed  in  dififerent  species  of  animals,  and  opens  the 
still  unanswered  question  whether  all  tissues  of  the  same  species  are 
allergic  to  the  same  extent. 

Up  to  the  time  of  the  allergic  conception  of  jjronchial  asthma,  the 
students    of    this    disease,    neglecting    too    much    the    true    underlying 


*  From  the  Otho  S.  A.  Sprague  Memorial  Institute,  the  Department  of 
Pathology  of  the  University  of  Chicago  and  the  Department  of  Medicine  of 
Rush  Medical  College. 

1.  Koessler,  K.  K. :  Bronchial  Asthma  Due  to  Hypersusceptihility  to  Hen's 
Eggs.  Illinois  M.  J.  23:66.  1913. 
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condition,  had  focused  their  chief  attention  on  the  respiratory  crisis, 
the  paroxysmal  attacks  of  dyspnea.  This  symptom  fascinated  the 
physician  on  account  of  its  explosive  and  dramatic  character  and, 
because  of  the  intense  discomfort  of  the  patient,  demanded  immediate 
relief,  often  taxing  the  resources  of  medical  aid  to  the  utmost.  While 
the  respiratory  crisis  of  asthma  comprises  in  itself  no  more  of  the 
pathologic  physiology  and  true  nature  of  the  disease  than  do  the 
convulsive  attacks  in  eclampsia  or  epilepsy,  it  has  developed  in  this 
way  that  most  discussions  of  this  condition  have  dwelt  chiefly  on  the 
origin  and  mechanism  of  the  dyspnea. 

The  theories  that  have  been  formulated  to  explain  the  attacks  of 
paroxysmal  dyspnea  are  agreed  today  that  the  difficulty  of  respiration 
is  due  to  a  stenosis  of  the  bronchi,  but  whether  this  narrowing  is  due 
chiefly  or  exclusively  to  a  spasm  of  the  bronchial  smooth  muscle  system, 
to  swelling  and  exudation  of  the  bronchial  mucosa,  to  a  true  obturation 
stenosis  by  the  secretion  from  the  bronchial  glands,  or  to  a  combination 
of  two  or  more  of  these  conditions  seems  still  to  be  an  unsettled 
question.  The  recognition  that  certain  forms  of  bronchial  asthma  are 
manifestations  of  allergy  in  man,  a  conception  which  has  introduced  a 
new  era  in  the  study  and  treatment  of  this  disease,  has  strengthened 
the  contention  that  bronchiolar  spasm  is  the  important  factor  in  the 
production  of  the  bronchostenosis.  It  must  be  admitted,  however,  that 
this  view,  aside  from  the  indirect  proof  obtained  from  the  pharma- 
cologic action  of  atropin  and  epinephrin,  has  mainly  been  deduced 
from  the  mental  comparison  and  identification  of  the  emphysema  and 
bronchospasm  observed  in  the  classical  experiment  of  anaphylaxis  in 
the  guinea-pig  and  not  from  a  detailed  study  of  the  lung  structures 
of  the  human  asthmatic  after  death. - 

The  diffuse  and  loose  application  of  the  term  "anaphylaxis"  to 
every  kind  of  diurnal  or  nocturnal  dyspnea  will  not  advance  our 
knowledge  of  bronchial  asthma.  Anaphylaxis  is  a  well  defined 
immunologic  phenomenon,  and  the  application  of  this  term  should  be 
restricted  to  those  forms  of  asthma  which  fulfil  at  least  some  of  the 
following  conditions : 

1.  Positive  skin  sensitization  tests  for  one  or  more  specific  proteins. 
It  is  possible,  however,  to  be  sensitized  in  the  allergic  sense  and  to 
show  no  skin  sensitization.^ 

2.  Blood,  sputum  and  tissue  eosinophilia,  showing  an  altered  reac- 
tion of  the  human  organism  to  a  foreign  soluble  protein. 

2.  Meltzer,  S.  J.:  Bronchial  Asthma  as  a  Phenomenon  of  Anaphylaxis, 
J.  A.  M.  A.  55:1021    (May  9)   1910. 

3.  Fleischner,  E.  C. ;  Meyer,  K.  F.,  and  Shaw,  E.  B.:  A  Resume  of  Some 
Experimental  Studies  on  Cutaneous  Hvpersensitiveness,  Am.  J.  Dis.  Child. 
18:577   (Dec.)    1919. 
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3.  Relief  from  the  bronchial  spasm  by  the  use  of  atropin  or 
epinephrin. 

4.  Desensitization  of  the  patient  by  repeated  injections  of  the  excit- 
ing protein,  e.  g.,  horse  dander,  pollen  or  by  ingestion  of  gradually 
increasing  quantities  of  the  exciting  protein,  e.  g.,  egg-white. 

5.  Freedom  from  symptoms  on  removal  of  the  exciting  protein. 

6.  Passive  sensitization  of  a  laboratory  animal  with  the  blood  of 
the  asthmatic. 

7.  Postmortem  examination  in  fatal  cases  to  determine  if  there 
are  any  changes  which  account  for  the  sudden  death  and  which 
simulate  the  acute  emphysema  found  post  mortem  in  the  guinea-pig 
and  to  exclude  the  dyspnea  due  to  capillary  thrombosis  or  embolism 
(anaphylactoid  reaction  of  Karsner  and  Hanzlik)  ;  for  it  is  chiefly  the 
pathologic-anatomic  examination  of  the  animals  postmortem  that  has 
characterized  the  anaphylactic  symptom  complex  peculiar  for  each 
species. 

On  the  other  hand,  we  believe  it  to  be  a  grave  mistake  to  consider 
all  cases  of  bronchial  asthma  as  a  manifestation  of  allergy.  The 
fallacy  becomes  especially  apparent  in  a  study  of  the  bacterial  type  of 
asthma,  the  so-called  asthmatic  bronchitis.*  Bacterial  infection  may 
lead  in  a  variety  of  ways  to  bronchial  stenosis.  The  infection  of  the 
mucosa  and  the  glandular  structures  may  produce  an  abundant  exudate 
leading  to  partial  or  total  obstruction  of  certain  bronchi,  or  the  infection 
may  lead  to  profound  injuries  of  the  protecting  layer  of  the  mucosa, 
causing  minor  losses  of  substance,  thus  facilitating  absorption  of  toxic 
materials  which  stimulate  muscular  spasms  similar  in  mechanism  to 
the  bronchiolar  spasm  produced  through  inhalation  of  excoriating  gases. 
It  is  also  not  improbable  that  various  poisons  of  the  type  of  peptones 
or  amines  are  formed  by  the  action  of  bacteria  on  tissue  proteins. 
These  poisons,  when  carried  by  the  blood  or  lymph  stream  from  the 
intestinal  tract,  or  from  distant  foci  of  infection  to  the  peripheral  nerve 
endings  in  the  bronchial  musculature,  may  stimulate  it  to  spastic  con- 
traction. Only  in  very  rare  instances  might  bacterial  proteins,  as  such, 
sensitize  a  person  and  act  as  anaphylactogens.  Then  the  bacterial  type 
of  asthma,  too,  might  become  allergic  in  character.  Even  in  the 
instances  of  allergic  asthma  a  chronic  bronchial  infection  is  often  super- 
imposed as  a  second  pathogenetic  factor,  which  only  too  often  obscures, 
especially  in  older  persons,  the  primary  allergic  susceptibility  of  the 
patient. 


4.  Koessler.  K.  K.,  and  Moody,  A.  M. :  Etiology  of  Chronic  Bronchitis, 
with  Special  Consideration  of  Those  Forms  Associated  with  Bronchial 
Asthma,  J.  A.  M.  A.  64:1104   (March  27)    1915. 
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These  considerations  suggest  that  detailed  histological  examinations 
of  patients  who  have  died  from  asthma  should  furnish  information 
of  value  for  settling  certain  phases  of  the  problem  briefly  discussed 
in  the  preceding  paragraphs. 

HISTORICAL     REVIEW 

Since  our  work  is  mainly  concerned  with  the  microscopic  analysis 
of  the  finer  lung  structure  in  bronchial  asthma,  we  shall  review  here 
only  those  cases  in  literature  in  which  a  microscopic  examination  has 
been  made.  \\'hile  the  medical  literature  of  the  seventeenth,  eighteenth 
and  nineteenth  centuries  contains  some  excellent  post-mortem  reports 
on  the  macroscopic  examination  of  persons  who  have  died  of  asthma, 
the  survey  of  these  reports  does  not,  at  this  time,  warrant  their 
inclusion  here  for  the  sake  of  completeness.  The  number  of  recorded 
microscopic  studies  of  the  lung  structure  of  persons  who,  during  life, 
have  suffered  from  true  bronchial  asthma,  is  exceedingly  small  if  one 
considers  the  frequency  of  the  disorder.  So  far  as  we  know,  only 
fifteen  cases  are  reported  in  which  a  more  or  less  detailed  microscopic 
study  of  the  lungs  has  been  made  and  of  this  number  only  about 
one-half  seem,  on  close  analysis  of  the  data,  to  be  cases  of  true 
bronchial  asthma. 

.SUMMARY  OF  CASES  IN  LITERATURE 
Case  1.  1886.  E.  v.  Leyden."' — History. — Female,  aged  40,  had  had  asthma 
Necropsy  Report  :  Macroscopic  Examination. — Both  lungs  show  marked 
vesicular  emphysema  and  their  borders  are  greatly  distended.  The  bronchi  are 
not  dilated  and  not  changed,  except  for  a  reddening  of  the  mucosa.  The  small 
bronchi  contain  greenish  or  whitish  mucous  masses  in  which  there  are  no 
fibrin  or  cr^'stals. 

Microscopic  E.vaniination. — Some  of  the  alveoli  are  distended,  while  others 
are  not,  and  most  are  filled  by  a  granular  material  containing  many  large  cells. 
The  walls  of  the  smaller  bronchi  are  not  essentially  changed  and  the  lumen 
of  many  is  practically  occluded  by  a.  layer  of  amorphous  material  which  is 
adherent  to  the  epithelium.     One  illustrated  section  is  described. 

Coniuicnt. — From  the  history,  this  case  appears  to  be  a  typical  case 
of  bronchial  asthma  which  was  complicated  during  the  last  months  of 
life  by  failing  heart  and  kidneys.  The  occlusion  of  many  bronchi  by 
mucus  is  the  most  significant  pathologic  change  described. 


5.  V.  Leyden,  E. :  Ueber  Bronchial  Asthma,  Deutsch.  ]\Iilitararztl.  Ztschr. 
15:51,  1886;  Ueber  Bronchial  Asthma.  Berlin,  1886,  Mittler  and  Son. 
since  early  childhood  and  was  treated  by  v.  Leyden  seven  years  previously. 
Her  attacks  appeared  and  disappeared  suddenly,  the  frequency,  severity  and 
number  varying  considerably.  In  attempting  to  relieve  her  suff^ering  she 
became  a  high  grade  morphin  addict.  Later  severe  hydrops  and  albuminuria 
developed.  The  lungs  were  emphysematous  and  sibilant  rales  were  dififuse. 
During  attacks,  a  tough  grayish  sputum  containing  fibrinous  threads,  small 
firm  masses,  crystals  and  epithelial  cells  were  raised.  Death  followed  an 
attack  of  severe  dyspnea  with  cyanosis. 
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Case  2.  1889.  J.  B.  Bcrkart."  History.— Urs.  C,  aged  37;  family  history 
of  tuberculosis.  Childhood  diseases  :  whooping  cough,  measles  and  scarlet  fever. 
Since  childhood  she  had  been  subject  to  frequent  colds,  especially  in  early 
summer.  The  first  attack  of  bronchial  asthma  followed  a  severe  prolonged 
bronchitis  at  the  age  of  23.  Follow'ing  this,  she  had  frequent  attacks  of 
bronchitis  with  asthma  which,  with  a  swelling  of  the  legs,  caused  her  to 
enter  the  hospital  a  few  months  before  death.  On  entrance,  the  heart's  action 
was  disturbed  and  the  urine  contained  albumin.  She  left  the  hospital  after 
a  stay  of  three  or  four  months,  being  considerably  improved,  except  for  a 
generalized  edema  and  frequent  severe  attacks  of  paroxysmal  dyspnea.  Nine 
days  before  death  she  was  seen  again  because  of  dyspnea,  cough,  insomnia, 
diarrhea  and  weakness.  The  face  was  cyanotic  and  edematous.  The  chest 
showed  bilateral  high  pitched  resonance  with  diffuse  sonorous  and  sibilant 
ronchi.  Pulse  100,  small,  soft  and  regular.  Heart  extended  beyond  the  right 
sternal  border  and  its  sounds  were  loud  and  clear.  Abdomen  distended. 
Urine  negative.  Twenty-four  hour  specimen  of  sputum  about  4  ounces,  con- 
tained Curshmann's  spirals,  Charcot-Leyden's  crystals  and  eosinophils.  Death 
followed  an  acute  exacerbation  of  all  her  symptoms. 

Necropsy  Report:  Macroscopic  Examination. — Heart,  considerable  dilata- 
tion and  hypertrophy,  with  valves  intact.  Lungs  not  collapsed.  E.xtensive 
adhesions  of  the  right  apex.  The  right  main  bronchus  and  one  branch  of  the 
left  main  bronchus  are  almost  occluded  by  dark  brown  cylindrical  branching 
masses.  The  smaller  bronchi  are  dilated  and  some  are  partially  obstructed 
by  exudate.  The  rest  of  the  lungs  are  emphysematous.  The  abdomen  con- 
tains a  moderate  amount  of  fluid.  The  liver,  spleen  and  kidneys  are  large, 
pale  and  dry. 

Microscopic  E.vaviinafio)i. — The  cylindrical  masses  are  composed  chiefly  of 
deformed  degenerating  cylindrical  epithelium  with  no  Charcot-Leyden's  crys- 
tals. The  mucous  membrane  of  the  right  main  bronchus  shows  firm,  fibrous 
avascular  excrescences  covered  by  a  single  layer  of  oblong  epithelium,  almost 
all  the  remainder  of  the  mucosa  being  denuded.  One  deep  ulceration  in  a 
main  bronchus  extends  almost  to  the  cartilage.  There  are  a  few  colonies  of 
staphylococci  between  the  folds  of  the  internal  fibrous  layer.  The  mucous 
glands  are  remarkably  few  in  number,  verj-  small,  and  looking  as  if  atrophied. 
The  bronchi  of  medium  size  are  irregularly  dilated,  most  of  them  partially 
or  completel}^  occluded  by  masses  of  detritus  containing  fragments  of  Charcot- 
Leyden's  cr\'stals.  The  walls  are  thickened  and  there  is  considerable  hyper- 
plasia of  the  mucous  membrane.  The  finest  bronchi  arc  dilated  and  denuded 
of  epithelium  and  some  contain  fibrinous  threads  and  colonies  of  streptococci. 
The  alveoli  are  emphysematous  and  have  no  epithelium,  while  some  are  almost 
filled  with  a  fibrinous   exudate. 

Comment. — The  clinical  history  of  the  case  points  to  a  bronchial 
asthma  developing  from  a  chronic  bronchitis  and  complicated  in  the 
last  few  months  by  a  failing  heart.  The  most  significant  pathology 
is  the  ulceration  in  one  of  the  chief  bronchi,  the  atrophy  of  the  mucous 
glands  and  the  hyperplasia  of  the  mucosa  of  the  middle  sized  bronchi. 

Case  3.  1892.  A.  Schmidt."  History. — J.  S.,  waitress,  aged  49;  previous 
illness  articular  rheumatism  at  44.  Six  months  before  death,  dyspnea,  emacia- 
tion and  weakness  caused  the  patient  to  stop  work.  Two  months  before 
death  a  troublesome  cough,  which  was  relieved  by  raising  a  small  amount  of 


6.  Berkart,  J.  B.:    Bronchial  Asthma,   London,   1889. 

7.  Schmidt,  A. :  Beitrage  zur  Kenntniss  des  Sputums  insbesondere  des 
Asthmatischen  und  zur  Pathologic  des  Asthma  bronchiale,  Ztschr.  f.  klin.  Med. 
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tenacious  mucus,  developed  and  she  was  unsuccessfully  treated  for  bronchitis. 
About  three  weeks  before  death  the  first  typical  attack  of  asthma  came  on 
and  was  relieved  an  hour  later  by  raising  some  tenacious  mucus.  Following 
this,  attacks  came  on  frequently  and  she  entered  the  hospital.  Examination 
showed  an  emaciated  female  with  a  cystic  growth  the  size  of  a  goose  egg  in 
the  left  side  of  the  neck.  The  lung  borders  were  lowered  and  many  dry 
rales  were  heard  on  expiration.  Severe  attacks  came  two  to  three  times 
dail}^  and  three  days  after  entering  the  hospital  she  died  in  collapse  follow- 
ing a  severe  attack  of  dyspnea. 

Necropsy  Report:  Macroscopic  Examination. — Tumor  nodules  press  against 
and  partially  encircle  the  structures  in  the  left  side  of  the  neck,  occlude  the 
thoracic  duct  and  extend  into  the  mediastinum  and  into  the  upper  lobes  of 
both  lungs.  A  small  tumor  mass  presses  against  the  left  pulmonary  vein 
and  partially  occludes  it.  The  heart  is  large  and  shows  a  marked  fatty 
degeneration.  The  right  ventricle  is  dilated.  The  aorta  is  markedly  scle- 
rotic. The  apices  of  both  lungs  are  adherent  to  the  thoracic  wall.  The  section 
of  both  lungs  shows  numerous  tumor  nodules  in  the  upper  lobes,  some  of 
which  at  the  hilum  press  on  the  bronchi  and  cause  narrowing  of  their 
lumina  and  degeneration  of  their  walls.  Peripheral  to  the  narrowed  places, 
the  bronchi  are  dilated.  The  bronchi  of  both  upper  lobes  contain  yellowish 
tenacious  mucous  masses  which  can  be  pressed  out  or  pulled  out  as  long 
spirals,  several  centimeters  in  length.  Both  lower  lobes  contain  much  blood 
and  exude  a  purulent  fluid.  Neither  contain  tumor  nodules  except  at  the 
hilum.     The  remaining  organs   show  no   important  change. 

Microscopic  Examination. — The  epithelium  of  the  dilated  bronchioles  is 
almost  intact,  the  lumen  almost  or  completely  occluded  by  mucous  material 
which  stains  more  deeply  in  the  central  portions  and  contains  numerous  cells, 
among  which  are  alveolar  epithelium,  a  few  polymorphonuclear  neutrophil 
leukocytes  and  some  homogeneous  round,  oval  or  elongated  structures  with- 
out nuclei.  The  mucus  in  the  bronchioli  respiratorii  shows  the  spiral  arrange- 
ment but  the  alveoli  contain  no  spirals.  The  mucous  glands  of  the  bronchi 
are  in  a  state  of  active  secretion,  but  the  gland  ducts  contain  no  spirals.  The 
walls  of  the  bronchi  and  bronchioles  contain  dense  connective  tissue  fibers 
and  are  infiltrated  by  round  cells.  Surrounding  a  few  of  the  bronchi,  which 
contain  polymorphonuclear  leukocj'tes,  the  alveoli  contain  numerous  leuko- 
cytes of  the  same  type.  The  blood  vessels  of  the  upper  lobes  show  a  marked 
periarteritis  obliterans.  The  masses  of  tumor  tissue  have  the  arrangement 
of  a  medullary  carcinoma. 

The  author  discusses  the  occurrence  of  Curshmann's  spirals, 
Charcot-Leyden's  crystals,  fibrin  and  eosinophil  cells  in  the  sputum 
and  shows  that,  as  these  structures  are  found  in  so  many  other 
disorders,  the  sputum  findings  are  of  no  great  diagnostic  importance 
in  bronchial  asthma.  He  considers  the  attacks  of  dyspnea  as  the 
all  important  symptom,  but  believes  that  there  is  no  sharp  distinction 
between  the  dyspneas  of  asthma  and  of  severe  bronchitis.  But,  he 
says,  the  work  of  Biermer  and  others  has  shown  that  there  is  a  distinct 
nervous  form  of  asthma  in  which  the  inflammatory  factor  is  insignifi- 
cant and  he  considers  this  form  as  proof  that  the  nervous  system  plays 
an  important  role  in  the  spasmodic  element  in  the  common  exudative 
form  of  asthma  as  well,  which  fact  sets  asthma  apart  as  a  morbid 
entitv  distinct  from  bronchitis. 
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Comment. — Two  important  points  must  be  considered  in  this  case: 
First,  the  initial  attack  of  asthma  occurred  within  the  last  three  weeks 
of  life;  and  second,  the  presence  of  tumor  masses  pressing  against  the 
structures  of  the  neck,  mediastinum  and  lung.  We  question,  therefore, 
whether  this  is  to  be  considered  as  a  typical  case  of  bronchial  asthma 
or  whether  it  is  rather  to  be  classed  as  a  symptomatic  asthma  due  to 
a  medullary  carcinoma  involving  the  respiratory  tract. 

C.'VSE  4.  1898.  A.  Fraenkel."  History. — Alale,  aged  63,  carpenter.  Previ- 
ous illnesses:  rheumatism  and  gout  for  years,  bronchial  catarrh  since  60  and 
followed  two  years  later  by  asthmatic  attacks.  About  six  weeks  before  death 
the  patient  entered  the  hospital  suffering  from  gout,  emphysema,  chronic 
bronchitis  and  frequent  asthmatic  attacks.  During  attacks  the  lung  borders 
were  lowered  and  numerous  rales  were  heard  all  over  the  chest.  The  sputum 
contained  a  few  Charcot-Leyden's  crystals  but  no  Curschmann's  spirals.  The 
patient  improved  steadily  for  a  time  but  died  suddenly  during  a  severe  attack 
after  a  five-day  period  of  freedom  from  attacks. 

Necropsy  Report:  Macroscopic  Examination. — Both  sides  of  the  heart  are 
dilated.  The  lungs  are  distended  and  almost  cover  the  pericardium.  The 
right  lung  is  slightly  adherent  to  the  chest  wall.  The  bronchi  on  both  sides 
are  dilated,  their  mucosa  is  reddened  and  they  contain  a  mucous  material 
which  can  be  pulled  out  threadlike.  The  bronchial  glands  are  greatly 
enlarged  and  pigmented. 

Microscopic  Examination. — In  the  stained  sections  of  the  bronchial  clots 
there  are  no  typical  spirals,  but  twisted  threads,  resembling  fibrin,  are  present. 
The  epithelium  of  the  middle  sized  bronchi  is  detached  from  the  basement 
membrane  and  forms  twisted  rows  of  cells  which  completely  occlude  some  of 
the  bronchi.  Some  of  these  cells  are  greatly  elongated.  The  denuded  wall 
appears  thickened  and  contains  many  dilated  capillaries  and  round  cells.  Some 
of  the  alveoli  are  emphysematous  and  some  are  compressed,  while  some  eon- 
tain  a  few  blood  cells.  In  some  places  the  interstitial  connective  tissue  is 
increased. 

Comment. — To  us,  the  most  interesting  points  in  this  case  are  the 
history  of  a  chronic  bronchitis,  the  advanced  age  of  the  patient  when 
the  first  attack  occurred  (62),  attacks  for  only  one  year  before  death 
and  the  necropsy  findings  of  an  adhesive  pleuritis  and  a  thickening  of 
the  bronchial  walls.  It  may  be  questioned  whether  this  is  a  typical 
case  of  bronchial  asthma  or  is  a  senile  dyspnea  due  to  a  combination 
of  a  chronic  bronchitis,  emphysema  and  a  failing  myocardium. 

Case  5.  ISOO.  A.  Fraenkel."  History. — Male,  aged  48.  For  about  one  and 
a*half  years  preceding  death,  the  patient  remained  in  the  hospital  suffering 
from  almost  daily  severe  asthmatic  attacks,  during  which  he  raised  a  tena- 
cious mucus  containing  Curshmann's  spirals  and  Charcot-Leyden's  crystals. 
The  last  severe  attack  resulted  in  death  thirty-six  hours' later  from  collapse. 

Necropsy  Report:  Macroscopic  Examination. — The  middle-sized  and  smaller 
bronchi  of  both  lungs  are  almost  or  completely  occluded  by  screw-shaped  clots 


8.  Fraenkel,    A. :     Zur    pathologischen    Anatomic    des     Bronchialasthmas, 
Ztschr.  f.  klin.  Med.  35:559,  1898. 

9.  Fraenkel,    A. :     Zur    Pathologic    des    Bronchialasthma,    Deutsch.    med. 
Wchnschr.  17:269,  1900. 


696  ARCHIVES     OF    IXTERXAL     MEDICIXE 

which   can   be  pulled   out  with   difficulty.      In   the    larger   tubes   these   clots    are 
looser  and  several  centimeters  in   length. 

Microscopic  Examinatioti. — Stained  (Bondi-Heidenhain)  specimens  of  these 
clots  show  them  to  be  true  mucus,  the  threadlike  central  portions  staining 
more  intenseh'  than  the  outer  portions,  which  contain  numerous  eosinophil 
cells.  In  the  smaller  bronchi,  from  0.15  to  0.03  mm.  in  diameter,  isolated 
epithelial  cells  are  elongated  to  about  20.4  microns  in  length,  resting  on  a 
layer  of  small  round  cells;  the  ciliated  borders  of  some  are  ruptured  and  the 
mucous  content  of  the  cell  protrudes  as  a  drop  in  the  lumen,  often  fusing 
with  a  neighboring  drop.  In  places  these  cells  appear  drawn  out  to  form 
awl-like  figures,  in  others  they  are  heaped  up  to  form  layers  two  or  three 
cells  deep.  The  alveoli  are  almost  free  of  secretion,  containing  only  a  few 
epithelial  and  eosinophil  cells,  and  their  walls  contain  dilated  capillaries  and 
collections  of  mononuclear  and  polynuclear  cells.  The  walls  of  the  small  bronchi 
contain  dilated  capillaries  and  are  infiltrated  from  the  epithelium  to  the  outer 
layer  by  cells,  most  of  which  are  mononuclear  and  polymorphonuclear  eosino- 
phil cells.  These  cells  are  most  numerous  in  bronchi  containing  glands  and 
cartilages.  Charcot-Leyden's  crystals  are  found  in  places  where  the  eosino- 
phil cells  are  grouped. 

Conmient. — This  seems  to  be  a  true  case  of  bronchial  asthma  of 
several  years'  duration.  The  most  important  finding  is  the  microscopic 
evidence  of  an  extensive  chronic  infection  of  the  bronchi.  It  is  of 
especial  interest  that  most  of  the  cells  infiltrating  the  bronchial  walls 
are  eosinophilic. 

Case  6.  1905.  Jezierski."  History. — Alale.  gardner,  aged  63.  Father  died 
of  asthma.  Patient  first  had  cough  with  dyspnea  about  five  years  before  death 
and  in  the  last  two  years  of  life  the  symptoms  were  so  severe  on  two  occa- 
sions that  hospital  care  was  needed.  The  symptoms  consisted  chiefly  in 
attacks  of  severe  expiratory  dyspnea,  sensation  of  fear,  palpitation  with 
tachycardia,   pain   in  the  epigastrium   and  cyanosis. 

Physical  examination  showed  a  barrel-shaped  chest,  wide  intercostal  spaces, 
lowered  lung  borders,  difficult  expiration,  and  numerous  dry  and  moist  rales. 
After  a  six  months'  stay  in  the  hospital  the  patient  contracted  a  right  lobar 
pneumonia  and  died  two  days  later. 

Necropsy  Report:  Macroscopic  Examination. — The  upper  and  middle  lobes 
of  the  right  lung  are  large  and  of  liver-like  consistency.  The  left  lung  is  small 
and  light  and  the  mucosa  of  its  dilated  bronchi  is  reddened. 

Microscopic  Examination. — The  bronchial  lumina  of  the  left  lung,  which  is 
free  from  pneumonia,  contain  mucous  masses  in  which  are  embedded  cell  rem- 
nants, well  preser\'ed  ciliated  epithelial  cells  often  in  rows,  leukocytes,  lympho- 
cytes, erythrocytes  and  eosinophils.  Xo  fibrin  is  found.  The  well  preserved 
epithelium  is  infiltrated  by  numerous  round  cells  which  invade  all  layers  of  the 
bronchial  wall  and  in  places  are  collected  into  groups  resembling  lymph  glands. 
Beneath  the  epithelial  layer  the  elastic  tissue  is  markedly  increased.  There  are 
also  an  unusual  number  of  thin-walled  closely-crowded  capillaries  around  the 
tunica  propria.  The  diaphragm  shows  some  rarification  and  fatty  infiltration. 
The  neck  muscles,  the  vagi  and  the  cervical  nerves  show  no  changes,  but  the 
phrenic  nerve  contains  groups  of  degenerating  fibers.  The  right  lung  is  a 
typical  pneumonic  lung. 

Comment. — The  clinical  history  of  attacks  of  dyspnea  for  about 
five  years  before  death  in  an  old  man  and  the  microscopic  evidence 
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point  to  infection  in  the  respiratory  tract  as  a  probable  etiologic  or 
complicating-  factor  in  the  production  of  the  asthmatic  attacks,  but  the 
hereditary  factor,  the  occupation  and  the  presence  of  eosinophils  point 
to  an  allergic  pathogenesis.  The  most  significant  pathologic  findings 
are  the  mucous  masses  in  the  bronchi,  the  cellular  infieltration  in  the 
bronchial  wall,  the  presence  of  eosinoj^hil  cells  and  the  increase  in 
elastic  tissue. 

Case  7.  1905.  Jezierski.'"  History. — Female,  aged  46,  silk  weaver.  Asth- 
matic attacks  began  twelve  years  previously.  Patient  entered  the  hospital  a 
short  time  before  death  suffering  from  dyspnea,  cyanosis  and  tachycardia.  The 
lung  borders  were  lowered  and  there  were  many  buzzing  and  whistling  rales 
on  expiration.     Death  followed  collapse  during  a   severe  attack. 

Xecropsy  Report:  Macroscopic  Examination. — Each  pleural  cavity  contains 
about  200  c.c.  of  a  bloody  serous  fluid.  The  left  lung  is  markedly  emphysema- 
tous and  contains  much  blood.  The  bronchial  lymph  glands  are  anthracotic. 
Small  wormlike  mucous  masses  can  be  pressed  from  the  small  bronchi.  The 
right  lung  contains  fewer  of  these  masses  than  the  left. 

Microscopic  Examination. — The  mucous  masses  contain  many  elongated 
ciliated  epithelial  cells,  some  of  w-hich  are  drawn  out  as  long  filaments,  cuboidal 
cells  from  deeper  layers  of  the  epithelium,  round  cells,  numerous  eosinophil 
cells,  some  erythrocytes  and  cellular  debris.  These  constituents  vary  consider- 
ably in  numbers  and  distinctness  in  different  sections.  The  epithelium  of  the 
bronchi  is  intact,  except  in  a  few  places  where  it  is  penetrated  by  round  cells 
which  infiltrate  the  bronchial  wall  either  diffusely  or  are  collected  in  groups 
about  vessels.  This  infiltration  is  so  marked  in  the  smaller  bronchi  that  all 
structures  are  obscured.  The  elastic  tissue  is  not  increased  and  there  are  no 
new-formed  blood  vessels.     The  lung  parenchyma  is  intact. 

Coimncnt. — The  most  significant  pathologic  findings  are  the  occlu- 
sion of  many  bronchi  by  mucous  masses  and  the  extensive  cellular 
infiltration  of  the  bronchial  walls.  Many  of  these  cells  are  eosinophils. 
\\'hile  the  microscopic  evidence  in  this  case  points  to  infection  as  a 
probable  etiologic  factor  in  the  production  of  the  asthmatic  attacks  in 
this  case,  the  clinical  and  necropsy  evidence  implicating  the  heart 
cannot  be  overlooked. 

Case  8.  1908.  A.  G.  Ellis."  History. — Coachman,  aged  27,  had  been 
under  treatment  for  tachycardia  and  bronchial  asthma  during  the  preceding 
year,  and  the  day  before  death  was  admitted  to  the  hospital  during  an  asthmatic 
attack,  with  severe  expiratory  dyspnea,  cough  and  cyanosis  of  face  and  extrem- 
ities.   The  attack  persisted  and  the  patient  collapsed  and  died  the  following  day. 

Necropsy  Report:  Anatomic  Diag)iosis:  Hypertrophy  of  the  left  ventricle; 
dilatation  of  the  right  ventricle;  pulmonary  emphysema;  purulent  bronchitis; 
exudative  bronchiolitis. 

Macroscopic  Examination. — The  lungs  are  distended  and  entirely  cover  the 
pericardium.  The  right  lung  is  slightly  adherent  to  the  thoracic  wall  and 
both  lungs  on  sections  show  shiny,  often  greenish-colored  plugs  in  the  smaller 
bronchi. 

Microscopic  Examination. — Sections  taken  from  various  parts  of  both  lungs 
reveal  the  following  changes:   The  alveoli   are   distended  only  in  patches   and 
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those  bordering  the  bronchi  contain  mucus,  some  leukocytes  and  a  few  eosino- 
phil cells.  The  capillaries  are  uniformly  engorged.  The  lumina  of  most  of  the 
smaller  bronchi,  from  0.13  to  0.16  mm.  in  diameter,  are  partly  or  entirely  filled 
with  a  slightly  granular  mucus  which  is  often  arranged  in  distinct  spiral  form, 
the  peripheral  portions  being  less  dense  and  containing  a  greater  number  of 
cells.  These  cells  are  chiefly  poh-morphonuclear  leukocjtes,  among  which  are 
degenerated  epithelial  cells.  The  epithelium  is  mostly  intact  and  averages  about 
7  microns  in  height.  The  bronchi,  from  0.2  to  0.45  mm.  in  diameter,  contain 
mucus,  sometimes  with  spiral  arrangement.  Some  of  the  epithelium  is  retained, 
other  portions  are  separated  en  masse  from  the  basement  membrane  and  in  one 
place  an  eroded  blood  vessel  is  exposed.  In  bronchi  0.8  mm.  in  diameter  the 
amount  of  mucous  material  and  desquamated  epithelial  cells  varies,  and  some  of 
the  cells  are  much  elongated  (35  microns).  In  all  these  bronchi  the  mucus  is 
arranged  in  layers,  as  is  shown  by  the  distinct  longitudinal  rows  of  cells.  A 
few  polymorphonuclear  eosinophil  cells  are  present  in  the  lumina  of  all  the 
bronchi.  The  walls  of  the  bronchi  and  of  the  adjoining  alveoli  are  infiltrated 
with  leukocytes,  the  inner  layer  of  the  wall  near  the  epithelium  containing 
chiefly  polymorphonuclear  leukocytes,  the  outer  layer  containing  chiefly  large 
mononuclear  cells  with  vesicular  nuclei.  Among  these  cells,  especially  in  the 
middle  sized  bronchi,  there  are  varying  numbers  of  polj'morphonuclear  eosino- 
phil cells.  The  capillaries  in  the  walls  are  dilated  and  in  some  places  small 
hemorrhages  are  found.  The  tunica  propria  and  the  basement  membrane 
appear  hyalin  in  some  places.  There  is  no  change  in  the  muscle  or  elastic 
tissue,  and  the  connective  tissue  is  not  appreciably  increased.  The  larger 
blood  vessels  of  the  lung  contain  more  than  the  usual  amount  of  blood  and  one 
contains  a  small  thrombus. 

Comment. — The  most  important  findings  in  this  case  are  pleural 
adhesions  of  one  lung,  occlusion  of  many  of  the  smaller  bronchi  by 
mucous  masses  and  the  cellular  infiltration  of  the  bronchial  walls.  The 
extensive  cellular  infiltration  of  the  bronchial  wall  shows  that  a"chronic 
infection  was  present  at  death.  Without  considering  the  clinical  data, 
these  two  facts  point  to  infection  as  a  possible  etiological  factor  in  this 
case  of  bronchial  asthma,  but  the  presence  of  many  eosinophil  cells 
suggests  an  allergic  pathogenesis. 

Case  9.  1909.  Monckeberg.'-  History. — ^lale,  aged  29,  mason.  Previous 
illnesses,  pneumonia  in  twelfth  and  again  in  eighteenth  j-ear.  Psoriasis  in  twenty- 
fourth  year.  After  serving  in  the  army  without  any  sickness  from  his  twentieth  to 
his  twenty-second  year,  he  first  noticed  in  his  twenty-fifth  summer  an  irritating 
cough  and  dyspnea  following  a  rapid  march.  He  tried  to  be  exempted  from 
participation  in  some  military  maneuvers  later  that  year  because  of  this  trouble, 
but  failed.  At  this  time,  while  in  his  quarters  at  night,  he  had  severe  attacks 
every  four  to  eight  days,  and  was  later  released  from  service.  Following  this, 
severe  attacks  came  more  frequently,  often  from  five  to  six  times  daily,  and 
for  the  rest  of  his  life,  about  four  years,  he  gradually  grew  worse,  except  for 
transient  periods  of  improvement.  A  short  time  before  death  he  entered  the 
hospital  because  of  dyspnea  and  a  generalized  edema.  At  this  time  he  had  a 
constant  dyspnea  which  increased  in  severit}-,  came  in  attacks  every  two  or 
three  hours  and  was  relieved  by  coughing  up  much  tough  mucus,  containing 
numerous  spirals,  eosinophil  cells  and  leukocytes.  The  lung  borders  were  not 
movable,  and  numerous  vesicular  and  ringing  rales  were  heard  on  expiration.  The 
heart  was  rapid  and  irregular  and  the  blood  contained  an  increased  number  of 


12.  Monckeberg.  J.  G. :    Zur  Pathologischen  Anatomic  des  Bronchialasthmas, 
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HUBER-KOESSLER—BROXCHIAL    ASTHMA  699 

eosinophile  cells.  The  urine  was  not  decreased  in  amount.  Death  followed  a 
series   of   severe  attacks. 

Necropsy  Report:  Anatomic  Diagnosis:  Desquamative  bronchial  catarrh 
with  hjpcrsecretion  of  mucus,  spiral  formation,  eosinophilia  and  asthmatic 
crystals;  vesicular  emphj-sema ;  bilateral  complete  adhesive  pleuritis ;  isolated 
chronic  and  fresh  tubercles  in  both  lungs  and  in  the  hyperemic  enlarged  lymph 
glands. 

Macroscopic  Examination. — Well-developed  and  well-nourished  male  with 
generalized  edema.  Abdominal  cavity  contains  much  clear  yellow  fluid.  Thorax 
barrel-shaped.  Both  pleural  cavities  are  completely  obliterated  by  adhesions. 
The  right  heart  is  markedly  dilated  and  its  walls  thickened.  The  myocardium 
is  a  pale  yellowish-brown  color.  No  valvular  changes.  The  mediastinal  and 
bronchial  Ij-mph  glands  are  large,  soft  and  red.  Both  lungs  are  dilated.  The 
cut  surface  of  the  lungs  shows  all  the  larger  and  most  of  the  smaller  bronchi 
to  be  completeh'  occluded  by  tenacious,  yellowish-white  branching  masses.  The 
bronchial  walls  are  thickened  and  show  two  distinct  zones,  a  thin  inner  grayish- 
yellow  zone  and  an  outer  reddish  zone.  The  chief  bronchi  contain  only  some 
tenacious  mucus  not  adherent  to  the  wall.  The  remaining  organs  show  the 
usual  findings  of  a  chronic  passive  hyperemia. 

Microscopic  Examination. — Most  of  the  emphysematous  end  branches  of  the 
bronchi  and  the  alveoli  are  empty,  a  few  containing  fluid  and  epithelial  cells 
and  having  thickened  walls,  some  of  which  are  infiltrated  by  mononuclear  and 
polymorphonuclear  cells,  chiefly  eosinophils.  The  elastic  fiber  tissue  is  not 
increased,  but  the  muscular  tissue  in  the  alveolar  and  lobular  septa  is  increased. 
The  pulmonary  artery  is  thickened  and  sclerotic  throughout  and  some  branches 
contain  organized  thrombi.  There  are  a  few  scattered  new  epitheliod  miliary 
tubercles  in  the  thickened  cell-infiltrated  connective  tissue  about  the  larger 
bronchi.  The  walls  of  the  pulmonary  veins  are  dififusely  thickened.  All  capil- 
laries are  engorged  by  blood,  and  in  places  there  are  extravasations  of  erythro- 
cytes into  the  tissue.  The  bronchioles  up  to  the  diameter  of  0.2  mm.  are  either 
empty  and  with  intact  epithelium,  or  they  contain  bands  of  desquamated  epithelial 
cells  with  interwoven  cilia,  a  few  "Herzfehlerzellen"  and  some  mucus.  There 
are  no  inflammatory  changes  in  the  thin  muscular  layer  of  these  dilated 
bronchioles.  The  lumen  of  bronchioles,  from  0.2  to  0.4  mm.  in  diameter,  con- 
tains somewhat  more  well-preserved  desquamated  epithelium,  round  cells  and 
detritus,  and  the  walls  contain  a  few  mononuclear  and  polymorphonuclear 
eosinophil  cells.  The  bronchial  branches  from  0.4  to  0.5  mm.  diameter  have  a 
stronger  muscular  layer,  which  is  frequently  interrupted  by  diverticula  or  crypt- 
like protrusions  of  epithelium  (Schleimhautausstiilpungen).  The  epithelium  is 
mostly  intact,  and  at  the  crests  of  the  folds  is  crowded  together  and  appears 
elongated.  The  lumen  contains  cellular  detritus,  mucus,  epithelial  cells  and 
round  cells,  often  arranged  in  whorllike  thickenings.  The  walls  are  infiltrated  by 
many  round  cells.  The  walls  of  bronchi,  from  0.5  to  1  mm.  in  diameter,  contain 
small  cartilages  and  mucous  glands,  the  muscular  layer  is  markedly  developed 
and  the  cryptlike  diverticula  are  more  numerous  and  some  are  branched.  The 
mucous  glands  which  are  in  active  secretion  open  into  some  of  these  diverticula. 
The  broadened  and  hyalinized  basement  membrane  continues  into  the 
diverticula,  but  the  muscular  layer  is  interrupted  at  the  necklike  opening  of 
these  structures.  The  epithelium  is  thickly  crowded,  and  on  the  crests  of  the 
folds  is  arranged  tuftlike  and  in  places  is  much  elongated,  especially  in  the 
diverticula  where  these  cells  contain  much  mucus.  The  lumen  of  these  bronchi 
is  almost  filled  by  mucus  in  which  there  are  varying  numbers  of  isolated  or 
groups  of  desquamated  ciliated  epithelial  cells,  mononuclear  and  polymorphonu- 
clear eosinophil  cells,  Charcot-Leyden's  crystals  and  cellular  detritus.  These 
constituents  are  often  arranged  in  twisted  thickened  lines  and  arranged  in  rows. 
The  whole  bronchial  wall  is  thickened  and  infiltrated  by  round  cells.  In  the 
bronchi,  from  1  to  3  mm.  in  diameter,  the  walls   are  thickened,  hyperemic  and 
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thickly  infiltrated  by  round  cells,  the  lymphoid  follicles  and  mucous  glands  are 
enlarged,  the  muscular  layer  hypertrophic,  the  diverticula  more  numerous,  and 
the  epithelium  single-layered  and  greatly  elongated.  The  content  of  the  lumen 
is  the  same  as  that  in  somewhat  smaller  bronchi.  In  the  chief  bronchi  mucus 
exudes  from  the  gland  ducts  and  spreads  over  the  epithelial  surface.  The 
hyperemic  bronchial  glands  contain  a   few   fresh  epitheloid  tubercles. 

Comment. — The  most  important  points  in  this  case  are :  History 
of  pneumonia  at  12  and  again  at  18;  relief  from  dyspnea  after  raising 
masses  of  mucus,  bilateral  adhesive  pleuritis,  complete  occlusion  of 
most  of  middle  sized  bronchi  by  mucus,  thickening  of  the  bronchial 
walls,  apparent  hypertrophy  of  bronchial  musculature,  cryptlike  struc- 
tures in  the  bronchial  walls,  cellular  infiltration,  largely  eosinophilic, 
of  the  bronchial  walls,  enlargement  of  the  mucous  glands  and  epitheloid 
tubercles.  The  history  of  pneumonia,  the  bilateral  adhesive  pleuritis 
and  the  cellular  infiltration  of  the  bronchial  walls  all  point  toward 
infection  as  a  possible  etiology  in  this  case,  but  an  allergic  pathogenesis 
is  also  indicated  by  the  extensive  eosinophilia.  The  hypertrophy  of  the 
musculature  is  no  doubt  due  to  the  four  years  of  almost  continuous 
asthmatic  attacks  of  dyspnea.  The  finding  of  large  mucous  glands  and 
of  the  cryptlike  structures  in  the  bronchial  walls  is  significant. 

Case  10.  1911.  Hermann  Heizer.^^  History. — Child,  aged  2  years.  Familj- 
history  negative.  Eczema  since  fourth  month.  First  attack  of  dyspnea  at  9 
months.  Attacks  often  follow-ed  exposure  to  wind  or  dust,  and  were  accom- 
panied by  cyanosis,  chest  noises  and  the  production  of  a  large  amount  of  tena- 
cious sputum.     Death  followed  an  attack. 

Necropsy  Report:  Macroscopic  Examination. — Lungs  distended.  Heart 
enlarged  and  right  ventricle  thickened.  Trachea  and  large  bronchi  contain  a 
purulent  secretion.     All   lymph  glands   of  the  body  are  greatlj-  enlarged. 

Microscopic  Examination. — The  alveoli  vary  in  size,  some  of  their  walls  are 
thinned  and  some  are  ruptured.  Some  bronchi  are  dilated  and  occluded  by- 
masses  of  mucus  containing  leukocytes  and  epithelial  cells.  The  walls  of  the 
large  bronchi  are  thickened  b}^  infiltrating  cells  and  distended  capillaries.  The 
bronchial  mucous  glands  are  markedly  enlarged  and  their  ducts  filled  with 
mucus. 

Comment. — The  most  significant  findings  reported  are  the  history 
of  eczema  for  months  and  of  attacks  following  exposure  to  wind  and 
dust,  the  generalized  enlargement  of  the  lymphoid  tissues,  hypertrophy 
of  right  ventricle,  thickening  of  the  walls  of  the  bronchi  by  cellular 
infiltration  and  capillary  distension  and  the  occlusion  of  many  bronchi 
by  mucus.  The  clinical  history  points  to  both  foods  and  inhaled  dust 
(animal  or  plant)  as  probable  etiologic  factors  in  the  production  of 
the  attacks  of  dyspnea. 

Case  11.  1913.  M.  M.  TichmenefT."  History. — Female,  aged  29,  college  stu- 
dent. No  hereditary  peculiarities.  Nasal  catarrh  since  early  childhood.  Fol- 
lowing an  attack  of  croup   in  the  eighth  year,  asthmatic  attacks  lasting  from 
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two  to  three  daj-s  came  on  four  or  five  times  each  year,  usually-  in  the  spring 
and  fall,  and  on  two  occasions  in  later  years  required  hospital  care.  During 
aa  attack  three  weeks  hefore  death  she  entered  the  hospital  with  a  severe  very 
productive  cough,  and  on  examination  showed  the  characteristic  posture,  diffi- 
cult whistling  expiration,  limited  excursion,  some  emphysema,  numerous 
whistling,  buzzing  rales,  normal  heart  and  normal  digestive,  nervous  and  urinary 
systems.  Pulse.  112;  temperature,  37.5  C.  Hemoglobin,  87  per  cent.;  erythro- 
cytes, 5.690,000;  leukocytes.  15,200,  showing  by  differential  count:  lymphocytes, 
26  per  cent.;  transitionals,  4  per  cent.;  neutrophils,  60  per  cent,  and  eosinophils, 
7  per  cent.  Sputum  contained  many  pus  cells,  Charcot-Leyden's  crystals, 
Curshmann's  spirals  and  eosinophil  cells.  Urine  contained  a  trace  of  albumin. 
The  attack  of  asthma  subsided  in  three  to  four  days  and  pneumonic  symptoms 
appeared.  Two  days  before  death  a  severe  gastro-intestinal  hemorrhage  began 
and  continued  until  death. 

Clinical  Diagnosis. — Bronchial  asthma ;  left-sided  exudative  pleuritis  and 
pneumonia;   ulcer  of  the  stomach  or  duodenum. 

Necropsy  Report:  Macroscopic  Examination. — The  left  pleural  cavity  is 
partially  obliterated  by  fibrous  adhesions  and  contains  300  c.c.  of  a  purulent 
exudate.  The  left  upper  lobe  contains  a  small  cavity  and  a  row  of  small  con- 
solidations from  which  pus  exudes  on  pressure.  The  right  lung  is  soft  and 
exudes  a  mucopurulent  fluid.  The  pericardial  sac  contains  a  small  amount  of 
clear  yellowish  fluid.  Heart:  9  by  9  cm.;  myocardium  pale;  large  vessels 
unchanged.  Spleen  pale  and  flabby.  Liver  yellowish.  Kidneys  pale.  Stomach 
mucosa  normal.  Large  duodenal  ulcer  5  cm.  from  the  pylorus  showing  eroded 
blood  vessels. 

Microscopic  E.vaniination. — Slight  brown  atrophy  of  the  heart.  In  the  lumen 
of  some  of  the  small  bronchi  there  is  an  exudate  which  contains  many  round 
cells  and  leukocytes.  The  tightly  crowded  columnar  epithelial  cells  are  much 
elongated  and  are  arranged  in  several  rows  as  if  in  increased  proliferation. 
All  the  layers  of  the  bronchial  wall  are  considerably  thickened,  due  to  an 
increase  in  connective  tissue,  round  cell  infiltration,  and  hypertrophy  of  the 
muscular  layer.  Some  of  the  bronchi  are  dilated,  their  walls  markedly  infil- 
trated by  round  cells,  and  are  surrounded  by  areas  of  pneumonic  infiltration. 
The  cavity  is  a  typical  bronchiectatic  cavity. 

Comment. — The  mo.st  significant  pathologic  findings  are  blood 
eosinophilia,  7  per  cent. ;  adhesive  pletiritis  and  increase  in  thickness 
of  the  bronchial  walls  due  to  accumulation  of  round  cells,  hypertrophy 
of  muscle  layer  and  increase  in  connective  tissue.  This  appears  to  be 
a  true  case  of  bronchial  asthma  in  which  death  was  due  to  an  intestinal 
hemorrhage.  The  etiology  of  the  attacks  cannot  be  determined,  for 
the  history  and  the  clinical  and  necropsy  evidence  point  to  infection 
as  a  possible  causal  agent,  while  the  eosinophilia  points  to  an  allergic 
pathogenesis. 

Case  12.  1916.  Marchand."  History. — Female,  aged  S3.  Hereditary  pecu- 
liarities :  Mother  died  of  asthma  and  capillary  bronchitis.  History  of  present 
illnes's :  Capillary  bronchitis  since  17  and  asthmatic  attacks  since  30.  She 
first  entered  the  hospital  in  her  forty-third  year  suffering  from  bronchial 
asthma,  pulmonary  emphysema  and  chronic  laryngitis,  and  left  six  weeks 
later  much  improved.  Ten  years  later,  about  two  weeks  before  death,  she 
returned  to  the  hospital,  following  an  attack  of  six  weeks'  duration,  suffering 
from  dyspnea,  severe  cough  with  much  expectoration,  headache,  insomnia   and 
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loss  of  appetite.  The  attacks  came  chiefly  at  night.  The  examination  showed 
a  marked  dermographia ;  cyanosis  of  the  hps  and  fingers;  barrel-shaped  chest; 
labored  respiration ;  lung  borders  on  both  sides  anteriorly  at  the  seventh  rib 
and  posteriorly  at  the  twelfth  spinous  process  ;  boxy  percussion  note  all  over 
the  lungs  ;  deep  humming  inspiration ;  prolonged  loud,  shrill,  whistling  expira- 
tion ;  heart  action  accelerated  but  with  tones  clear.  Roentgen-ray  examination : 
Diaphragm  contracted  and  with  limited  motion;  distinct  hilum  shadows; 
marked  pulsation   of  the   right  ventricle. 

She  raised  a  large  quantity  of  a  tenacious  mucous  sputum  which  contained 
some  spirals,  numerous  eosinophil  cells,  but  no  crystals.  The  blood  showed  a 
leukocyte  count  of  12,600,  of  which  12  per  cent,  were  eosinophil  cells.  Temper- 
ature, Z7  C.  The  blood  serum  was  very  toxic  for  animals,  0.05  c.c.  causing 
death  of  a  guinea-pig.  After  standing  one  and  one-half  hours,  the  serum 
contained  many  crystals.  Following  a  severe  attack  of  two  hours'  duration, 
the  patient  collapsed  and  died. 

Necropsy  Report:  Anatomic  Diagnosis. — Severe  mucous  bronchitis.  Vesicu- 
lar emphysema.  Black  circumscribed  subpleural  indurations  in  both  apices. 
Recent  tuberculosis  and  hypertrophy  of  the  bronchial  lymph  glands.  Fibrous 
induration  and  calcification  of  bronchial  glands.  Nodular  colloidal  goiter. 
Right  ventricular  hypertrophy  and  early  fatty  degeneration  of  the  myocardium. 
Hyperemia  of  brain.  Chronic  perimetritis.  Slight  atrophic  granular  kidney. 
Hypertrophy  and  hyperemia  of  spleen. 

Macroscopic  Examination. — The  body  is  that  of  a  small  well-preserved 
female,  weighing  48  kg.  The  tips  of  the  fingers  are  cyanotic.  The  thorax  is 
not  arched.  The  brain  shows  no  signs  of  disease.  The  diaphragm  is  at  the 
sixth  rib  on  the  right  side  and  in  the  fifth  intercostal  space  on  the  left  side, 
and  is  contracted.  The  lungs  do  not  collapse  when  the  chest  is  opened,  almost 
completely  cover  the  pericardial  sac,  and  are  attached  to  the  chest  wall  by 
many  stringlike  adhesions.  A  fatty  remnant  of  the  thymus  is  present.  The 
pericardial  sac  contains  a  small  amount  of  a  clear  yellowish  fluid.  The  heart 
is  contracted  and  the  right  ventricle  appears  to  be  increased  in  size.  The 
valves  are  slightly  thickened.  The  foramen  ovale  is  not  completely  closed. 
The  alveoli  in  the  anterior  borders  of  the  lungs  are  markedly  dilated.  The 
cross  section  of  the  upper  lobes  are  bluish  gray  and  the  outer  portions  are 
soft  and  edematous.  The  lower  lobes  are  firmer  and  filled  with  blood.  Most 
of  the  smaller  bronchi  in  both  upper  and  lower  lobes  are  completely  filled  by  a 
tenacious  transparent  material,  which  on  cross  section  protrudes  and  can  be 
drawn  out  as  threads  several  centimeters  long.  In  some  places  these  threads 
appear  as  yellowish,  opaque  masses.  The  larger  bronchi  contain  a  more  fluid 
yellowish  gray  material.  The  lower  lobes  are  fairly  dry  except  for  the  congested 
areas.  Beneath  the  pleura  of  both  apices  there  are  a  few  hard  black  thickenings 
1  cm.  in  diameter.  The  mucosa  of  the  trachea,  larynx  and  nasal  cavities  is  not 
essentially  changed. 

The  thyroid  is   slightly  enlarged  and  contains  a  small  colloid   nodule. 

The  bronchial  glands  are  large  and  soft,  the  gland  at  the  bifurcation  of  the 
trachea  being  as  large  as  a  pigeon  egg  and  containing  numerous  grayish 
nodules.     One  gland  at  the  hilum  of  the  right  lung  contains  a  calcified  nodule. 

The  spleen  is  enlarged,  firm  and  congested. 

Microscopic  Examination. — Blocks  of  tissue  from  all  parts  of  the  lungs,  from 
bronchial  glands,  trachea,  ethmoid  region  and  the  middle  turbinate  were  fixed 
in  liquor  formaldehyd,  alcohol  or  Zenker's  fluid,  and  the  sections  stained  with 
various  stains.^*' 

The  upper  lobes  show  a  vesicular  emphysema  with  the  formation  of  some 
large  vesicles.  The  bronchioli  respiratorii  are  for  the  most  part  empty,  vary 
considerably  in  size  up  to  0.1  mm.  and  are  lined  by  a  low  epithelium,  some  of 


16.  The    detailed   descriptions    of   the    sections    and   of   the    special    form   of 
crystals  are  omitted  in  this  paper. 
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which  is  ciliated  and  measures  0.009  mm.  Bronchioli,  from  0.5  to  1  mm.  in 
diameter,  are  filled  by  an  homogenous  mass  containing  a  few  cell  elements 
which  is  adherent  to  the  epithelium.  In  some  of  the  smaller  bronchioli  a 
transparent,  almost  homogenous,  layer  covers  the  epithelium,  the  central  por- 
tion being  patent.  This  layer  stains  poorly,  contains  a  few  mononuclear  cells, 
alveolar  epithelium,  and  shows  on  high  magnification  a  netlike  structure  which 
stains  with  Weigert's  stain  like  fibrin.  The  cylindrical  epithelium  of  the 
smaller,  middle-sized  bronchioli  is  mostly  intact,  and  is  heaped  up  and 
deformed  only  in  the  angles  between  folds.  There  are  no  mucous  glands 
present,  but  the  muchematein  stain  shows  numerous  goblet  cells  in  bronchioles 
1  mm.  in  diameter.  The  smaller  bronchi  contain  a  longitudinally  streaked 
mucous  material,  with  rows  of  cells  and  spirals  having  distinct  central  threads. 
The  cellular  content  of  the  smaller  bronchioles  is  scanty,  while  in  the  larger 
there  are  numerous  round  or  elongated  polymorphonuclear  eosinophil  cells 
which  are  often  arranged  in  clumps,  numerous  polymorphonuclear  leukocytes, 
some  mononuclear,  large,  pale,  swollen  cells  (alveolar  epithelium),  and  in  the 
larger  bronchioli  a  few  mast  cells.  In  bronchioli,  from  0.5  to  0.8  mm.  in 
diameter,  the  epithelium  varies  in  thickness  from  0.025  to  0.04  mm.,  and  in 
bronchi  from  3.5  to  4  mm.  in  diameter,  it  varies  from  0.05  to  0.06  mm.  in  thick- 
ness. The  content  of  the  larger  bronchi  and  the  trachea  is  composed  -of  much 
well-preserved  ciliated  epithelium,  many  large  markedly  swollen  round  cells 
which  contain  droplets  of  myelin  material,  granular  cells  resembling  eosino- 
phil cells,  a  few  Charcot-Leyden's  crystals  and  numerous  crystals  which  are 
different  from  the  Charcot-Leyden's  crystals.  The  trachea  also  contains  several 
clumps  of  bacteria,  most  of  which  resemble  the  influenza  bacillus.  The  epi- 
thelium of  the  larger  bronchi  and  the  trachea  contains  numerous  goblet  cells 
and  is  infiltrated  by  a  few  leukocytes,  eosinophil  cells  and  mast  cells.  The 
nasal  mucosa  over  the  free  borders  of  the  turbinates  is  thickened  and  infil- 
trated by  cells. 

The  walls  of  all  the  bronchioles  are  more  or  less  infiltrated  by  round  cells 
of  different  kinds,  the  lymphoid  elements  being  most  numerous  and  often 
grouped  to  from  small  nodules  under  the  epithelium  and  in  the  outer  layer. 
The  other  kinds  of  cells,  which  frequently  separate  the  muscle  bundles,  are : 
(o)  large  mononuclear  basophilic  cells  often  grouped  around  the  acini  of 
mucous  glands  ;  {b)  eosinophils ;  (c)  mast  cells  varying  greatly  in  size  and  lying 
chiefly  close  to  the  epithelium  ;   (d)  a  few  polymorphonuclear  leukocytes. 

The  mucous  glands  of  the  larger  bronchi  and  the  trachea  show  a  more  or 
less  active  secretion  with  transformation  of -the  cylindrical  cells  of  the  duct 
into  goblet  cells.  The  gland  cells  are  for  the  greater  part  markedly  swollen 
and  filled  with  mucus. 

The  blood  smears  and  rib-marrow  preparations  contained  numerous  eosino- 
phil cells,  while  the  spleen  contained  only  a  few  such  cells.  The  lymph  glands 
at  the  bifurcation  of  the  trachea  are  enlarged  and  contain  a  small  tubercle 
with  some  caseation  and  giant  cells. 

Comment.- — The  most  important  pathologic  findings  are :  complete 
occlusion  of  most  of  the  smaller  bronchi,  cellular  infiltration  in  the 
bronchial  wall,  enlargement  of  the  bronchial  mucous  glands  and  the 
numerous  eosinophil  cells  in  the  bronchial  wall.  The  history  of 
bronchitis  since  the  seventeenth  year  and  of  asthma  beginning  in  the 
thirtieth  year,  the  necropsy  finding  of  marked  cellular  infiltration  of 
the  bronchial  walls,  point  to  infection  as  a  probable  etiologic  factor  in 
this  case,  but  the  eosinophilia  indicates  an  allergic  pathogenesis. 

Case  13.  1916.  Marchand.'^  History-  Mrs.  T.  B.,  aged  45.  Previous  his- 
tory :  The  patient  has  had  two  severe  attacks  of  asthma  in  the  year  preceding 
her  entrance  into  the  hospital  where  she  had  a  third  fatal  attack. 
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Xecropsv  Report:  Anatomic  Diagnosis. — Marked  fibrinous  bronchitis  with 
obturation  of  the  left  bronchus  ;  fibrinomucous  tracheitis  ;  purulent  bronchiolitis  ; 
marked  pulmonary  emphysema ;  healed  right  apical  tuberculosis  ;  fibrinous  lob- 
ular pneumonia;  cyanosis  of  the  liver,  spleen  and  kidney;  small  hemangioma 
of  the  liver;  accessory  spleen  in  tail  of  pancreas. 

Macroscopic  Examination. — Small  emaciated  woman  with  scanty  fatty  and 
muscular  tissues.  Diaphragm  on  right  side  at  fourth  rib  and  on  left  at  fourth 
interspace.  Heart  not  enlarged.  Left  ventricle,  8  mm.  and  the  right  3  mm. 
in  thickness. 

The  lungs  do  not  collapse  when  the  chest  is  opened.  There  are  a  few  adhe- 
sions to  the  sternum.  Both  lungs  are  large  and  light.  The  posterior  portion 
of  the  right  upper  lobe  contains  a  few  hazelnut-sized  areas  with  caseous  cen- 
ters. On  cut  section  the  lung  tissue  is  dry  and  contains  little  blood.  The  left 
chief  bronchus  and  its  branches  are  almost  completely  occluded  by  a  tenacious 
exudate.  The  middle-sized  bronchi  contain  glassy  tenacious  mucus  and  the 
finer  branches  contain  a  more  fluid  yellowish  turbid  exudate.  The  mucosa 
of  the  chief  and  smaller  bronchi  is  swollen  and  reddish.  The  trachea  contains 
an  adherent  mucous  mass  which  extends  into  the  right  main  bronchus.  The 
peritracheal  and  peribronchial  lymph  glands  are  enlarged  and  contain  no 
nodules.  The  liver  extends  two  fingers  below  the  costal  margin.  The  spleen 
is  not  enlarged. 

Microscopic  E.vamination. — The  lungs  Avere  fixed  in  liquor  formaldehyd  and 
preserved  in  alcohol.  A  large  number  of  blocks  of  completely  infiltrated  and 
air-filled  portions  of  the  tissue  were  taken,  but  the  original  positions  of  these 
blocks  could  not  be  established  later.  The  cross  section  of  the  exudate  filled 
bronchi  appears  as  whitish  round  disks  in  both  the  infiltrated  and  air-containing 
portions.  The  parenchyma  of  the  infiltrated  portions  of  lung  resembles  a 
catarrhal  lobular  pneumonia  and  contains  many  polymorphonuclear  neutrophil 
cells,  but  no  eosinophil  cells.  The  parenchj^ma  of  the  air-containing  portions 
shows  a  moderate  degree  of  emphysema. 

The  content  of  the  lumen  of  the  small  and  middle-sized  bronchi  in  both  air- 
containing  and  infiltrated  portions  is  made  up  of  homogenous,  transparent 
mucus  which  has  in  many  places  a  streaked  appearance  and  which  contains 
many  closely  crowded  polymorphonuclear  neutrophil  cells  but  no  eosinophils. 
The  cylindrical  epithelium  is  fairly  well  retained  and  contains  a  few  globlet 
cells.  The  walls  of  the  bronchi  are  thickened  and  contain,  especially  in  the 
outer  layer  and  between  muscle  bundles,  many  mononuclear  lymphoid  cells, 
although  the  blood-filled  vessels  contain  no  cells  of  this  type  and  show  no 
evidence  of  their  migration.  In  some  of  these  bronchi  there  are  numerous 
eosinophil  cells,  either  rowlike,  scattered  or  clumped  between  connective  tissue 
bundles,  and  most  numerous  in  the  inner  layers.  The  eosinophil  cells  also 
intermingle  with  the  lymphoid  cells  in  the  outer  portion  of  the  lymph  nodules. 
There  is  no  definite  relation  between  accumulations  of  eosinophil  cells  and 
the  blood  vessels.  These  cells  vary  in  shape  and  size,  in  number,  distribution, 
intensity  of  staining  property  and  size  of  granules,  and  in  morphology  and 
size  of  the  nucleus.  All  transitions  of  nuclei  from  the  mononuclear  to  the 
polymorphonuclear  are  visible.  There  are  no  Charcot-Leyden's  crystals  among 
the  eosinophil  cells  or  in  the  bronchial  wall. 

The  lumina  of  some  of  the  larger  bronchi,  as  shown  in  pictures,  are  com- 
pletely occluded  by  a  transparent  exudate  which  is  adherent  to  the  wall  and 
is  continuous  with  the  content  of  the  gland  ducts.  The  epithelium  is  partially 
desquamated  and  in  places  necrotic.  The  tissue  of  the  walls  is  markedly  infil- 
trated by  cells,  chiefly  polymorphonuclear  neutrophils  and  eosinophils.  The 
latter  predominate  in  some  portions  of  the  wall,  and  with  the  neutrophils  are 
seen  penetrating  the  hyalin  tunica  propria.  A  few  Charcot-Leyden's  crystals 
also  are  present.  The  blood  vessels  are  engorged  with  erythrocytes,  among 
which  there  are  a  few  mononuclear  and  polymorphonuclear  leukocytes,  none 
being  eosinophilic.    The  cells  of  numerous  large  mucous  glands  in  the  wall  are 
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distended  by  mucus,  as  are  also  many  of  the  duct  cells.  In  some  portions  of  the 
wall  there  are  circumscribed  or  diffuse  collections  of  lymphocytic  cells. 

The  left  chief  bronchus  from  1  to  3  cm.  from  the  bifurcation  is  almost 
occluded  by  an  exudate  and  its  epithelium  partially  desquamated.  The  mucous 
gland  ducts  are  filled  by  mucus  and  the  cells  of  the  ducts  and  acini  are  dis- 
tended. The  muco.sa  is  markedly  infiltrated  by  round  cells,  partly  mononuclear 
and  partly  polymorphonuclear,  and  many  eosinophil  cells.  Some  Charcot- 
Leyden's  crystals  are  present  in  the  walls  and  on  the  surface  of  the  mucosa. 
The  content  of  the  lumen  is  composed  of  mucus  and  fibrin  which  show  a  spiral 
arrangement.  In  some  places  well-formed  spirals  with  central  threads  are 
seen. 

Many  eosinophil  cells  and  Charcot-Leyden's  crystals  are  found  in  the 
mucosa  of  the  trachea.  In  some  of  the  thin  paraffin  sections  small  groups  of 
organisms  resembling  the  diphtheria  bacillus  are  seen. 

Comment. — The  most  significant  findings  in  this  case  are:  (1)  The 
complete  occlusion  of  many  of  the  larger,  middle  sized  and  smaller 
bronchi  by  mucous  masses.  (2)  Marked  cellular  infiltration  of  the 
walls  of  the  bronchi.  (3)  Presence  of  eosinophil  cells,  scattered  or 
grouped,  in  the  walls  of  the  trachea  and  some  of  the  bronchi. 
(4)  Presence  of  Charcot-Leyden's  crystals  in  the  walls  of  the  trachea 
and  in  some  of  the  bronchi.  (5)  Distension  of  the  cells  of  the  mucous 
glands  and  their  ducts  by  mucus. 

The  etiology  of  the  asthmatic  attacks  in  this  case  has  not  been 
determined.  The  history  of  the  asthmatic  attacks  coming  on  in  the 
last  year  of  life  in  a  person  45  years  of  age,  and  the  evidence  of 
infection  in  the  walls  of  the  bronchi,  point  to  bacteria  as  probable 
factors  in  the  production  of  the  attacks,  but  the  extensive  eosinophilic 
infiltration  of  the  bronchi  points  again  to  an  allergic  pathogenesis.    • 

Case  14.  1918.  Marchand.''  History. — Male,  aged  48,  worker  in  chemical 
factory.  Family  history  :  Aunt  had  asthma.  Previous  illnesses  :  None.  When 
about  44  years  of  age  he  began  work  in  a  chemical  factory  and  frequently 
inhaled  poisonous  fumes.  Before  quitting  this  work,  two  years  later,  he  had 
his  first  attack  of  asthma  after  exposure  to  fumes.  After  this  he  often  had 
marked  dyspnea  on  exertion  and  his  work  was  interrupted  frequently,  the 
dyspnea  being  always  more  noticeable  in  damp  weather.  After  a  free  period 
during  the  following  summer  the  attacks  returned,  accompanied  by  cough 
with  the  raising  of  a  tenacious  mucus,  and  the  patient  was  often  compelled 
to  remain  in  bed  for  several  days.  About  ten  weeks  before  death  both  legs 
began  to  swell  and  he  entered  the  hospital  with  the  following  findings  :  Edema 
and  cyanosis  of  face,  high  grade  inspiratory  dyspnea,  prolonged  whistling 
expiration;  lung  lowered  and  immovable;  heart  and  abdomen  negative;  sputum 
scanty,  tenacious  and  containing  crystals  and  eosinophils;  urine  negative. 
The  blood  was  examined  several  times  during  the  stay  in  the  hospital  and 
showed  an  eosinophilia  averaging  about  4  per  cent.  The  blood  pressure 
ranged  from  135  systolic  and  85  diastolic  on  entrance  to  86  systolic  and 
60  diastolic  two  weeks  before  death.  The  patient's  condition  gradually  became 
worse  and  about  nine  weeks  after  entrance,  he  died. 

Necropsy  Report:  Anatomic  Diagnosis. — Catarrh  of  the  bronchial  mucosa; 
catarrhal    rhinitis    with    retained    mucus    in    the    left    maxillary    sinus :    diffuse 


17.  Marchand,  F. :    Ein  ncuer  Fall  von  Asthma  Bronchiale  mit  anatomischer 
Untersuchung,  Deutsch.  Arch.  f.  klin.  Med.  127:184,   1918. 
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vesicular  pulmonary  emphysema;  slight  hypertrophy  of  the  right  ventricle; 
bronchial   asthma. 

Macroscopic  Examination. — The  lower  part  of  the  thorax  is  widened.  The 
lungs  are  expanded  and  cover  the  heart.  The  bronchi  up  to  the  smaller  branches 
are  filled  by  yellowish-white  tough  masses,  which  can  be  pulled  out  like  threads. 
The  left  antrum  of  Highmore  is  completely  filled  by  a  tough  opaque  bluish  secre- 
tion. The  bronchial  glands  are  not  enlarged.  The  right  auricle  and  ventricle  are 
dilated  and  the  walls  thickened. 

Microscopic  Examination.  —  The  mucous  membrane  of  the  nasal  septum, 
turbinates  and  trachea  contains  many  distended  capillaries  and  is  infiltrated  by 
round  cells,  many  of  which  are  eosinophilic.  The  fresh  secretions  from  the 
trachea  and  principal  bronchi  contain  many  prismatic  cr>^stals  similar  to  those 
described  in  a  previous  case.  (Case  12.  Marchand's  first  case.)  The  lumen  of 
the  bronchi  5  mm.  in  diameter  contains  only  a  small  amount  of  mucus  in  which 
are  desquamated  cells,  leukocji:es,  round  cells  and  a  few  eosinophils.  The 
epithelium  is  mostly  desquamated.  The  mucosa  is  unevenly  thickened,  its 
capillaries  engorged  and  all  layers  contain  numerous  eosinophil  cells  which 
are  often  arranged  in  masses  near  the  hypertrophied  muscle  layer.  The  mucous 
gland  cells  are  swollen  and  contain  no  eosinophil  cells.  Smaller  bronchi  have 
a  similar  structure  and  are  filled  with  mucous  masses  which  have  typical  spiral 
arrangement.  The  smallest  bronchioles  and  the  alveoli  are  not  essentially 
changed.     One  lymph  gland  contains  a  small  tubercle. 

Comment. — The  most  important  points  in  this  case  are  the  complete 
occlusion  of  many  smaller  bronchi,  enlargement  of  the  mucous  glands, 
hypertrophy  of  the  muscle  layer  and  the  large  number  of  eosinophilic 
cells  infiltrating  the  bronchial  walls. 

Case  15.  1921.  X.  Kamchorn  and  A.  G.  Ellis.'^  Male.  Siamese,  actor 
and  fishmonger,  aged  52.  Family  history  of  asthma  in  four  generations: 
Father's  mother ;  father ;  one  uncle,  one  aunt,  and  one  child.  Infrequent 
asthmatic  attacks  began  in  childhood  and  gradually  became  more  frequent.  Three 
months  before  admission  to  the  hospital  the  feet  and  legs  began  to  swell. 
On  entrance  eleven  days  before  death,  there  was  a  marked  edema,  cyanosis 
and  respiratory  dyspnea.  Coughing  produced  a  tough  white  sputum.  The 
heart  sounds  were  faint  and  rales  were  heard  over  the  bases  of  both  lungs. 
Treatment  gave  no  relief  and   death  resulted  from  failure  of  the  heart. 

Necropsy  Report:  Anatomic  Diagnosis. — Summary:  Hypertrophy  and 
dilatation  of  right  ventricle;  dilatation  of  right  auricle  and  left  ventricle;  bilat- 
eral chronic  adhesive  pleuritis ;  partial  atelectasis  of  left  lung  and  lower  lobe 
of  right  lung:  vesicular  and  interstitial  emphysema  of  right  upper  and  middle 
lobes;  acute  bronchitis  of  left  lung  and  right  lower  lobe;  congestion  of  spleen, 
kidneys,  stomach  and  liver ;  anasarca ;  multiple  serous  effusions. 

Macroscopic  Examination. — Body  edematous.  All  serous  cavities,  except  the 
obliterated  left  pleural  sac  contain  much  fluid.  The  right  ventricular  wall  is 
1  cm.  thick.  The  left  lung  and  the  right  lower  lobe  are  collapsed  and  their 
cut  surfaces  are  dark  bluish  red  in  color.  The  middle  sized  and  smaller 
bronchi  contain  a  moderate  amount  of  tenacious  mucus  and  the  mucosa  is 
intensely  red.  The  right  upper  and  middle  lobes  are  overdistended  but  on 
pressure  and  on  incision  exude  frothy  serum.  The  bronchi  in  these  lobes  are 
empty  and  the  mucosa  is  pale  in  color. 

Microscopic  Examination.  —  The  bronchial  exudate  contains  much  mucus, 
typical  Curshmann's  spirals,  columnar  epithelial  cells  and  an  occasional  eosino- 
phil cell.  The  epithelium  of  the  bronchioles  in  the  collapsed  portion  of  the  lungs 
is  desquamated  and  its  place   occupied  by  polynuclear  and  mononuclear  leuko- 


18.  Kamchorn,  N.,  and  Ellis.  A.  G. :    Am.  J.  M.  Sc.  161:525,   1921. 
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cytes.  The  bronchial  walls  are  infiltrated  by  mononuclear  cells.  The  epithelium 
of  the  middle  sized  bronchi  is  partiallj'  desquamated.  There  is  no  evidence  of 
increased  fibrous  tissue  and  of  thickening  of  the  bronchial  wall  and  the  mus- 
cularis  mucosa  does  not  appear  abnormal.  The  bronchi  in  the  distended  portions 
of  the  lung  have  much  less  marked  changes. 

Comment. — The  following  points  are  the  most  important  in  this 
case:  The  history  of  asthmatic  attacks  since  childhood  and  the 
microscopic  evidence  of  an  extensive  respiratory  infection  sometime 
during  life,  as  shown  by  the  extensive  roinid  cell  infiltration  of  the 
subepithelial  layer  of  the  bronchial  tree.  The  hypertrophy  of  the  wall 
of  the  right  ventricle  is  probably  due  to  the  extra  load  thrown  on 
pulmonic  circulation  during  attacks.  The  remaining  pathology  in  this 
case  is  probably  dependent  on  the  failing  heart. 

MODE     OF     PROCEDURE     EMPLOY.ED     IN     THIS     STUDY     AND     A 
DESCRIPTION     OF     THE     NORMAL     BRONCHIAL     STRUCTURES 

Before  discussing  in  detail  the  various  changes  involving  some  of 
the  diflferent  structures  which  may  be  implicated  in  the  production  of 
bronchial  stenosis,  i.  e.,  the  smooth  muscle  tiber  system,  the  mucosa, 
the  glandular  system,  the  blood  vessels  and  lymphatics  and  the  nerves, 
we  deem  it  proper  to  give  a  brief  description  of  the  finer  anatomy  of 
the  normal  bronchial  structures. ^^ 

When  possible,  in  all  cases  studied,  the  intact  lung  was  fixed  either 
in  liquor  formaldehyd  or  in  Zenker's  fixing  fluid,  and  each  lobe  was 
sectioned  as  described  so  that  the  blocks  of  tissue  gave  either  crsss 
or  longitudinal  views  of  the  main  branching  of  the  bronchial  tree 
from  the  hilum  to  the  pleural  surface  (Fig.  1).  The  cross  sections 
for  microscopic  study  were  taken  as  nearly  as  possible  from  the  plane 
at  right  angles  to  the  central  axis,  as  it  is  clearly  seen  that  sections 
through  oblique  planes  must  give  a  distorted  picture  of  the  structures. 
The  sections  were  stained  with  hemotoxylin  and  eosin  and  Van  Gieson's 
and  Mallory's  connective  tissue  stains. 

We  have  examined  microscopically  the  lungs  of  several  persons 
which  should  have  shown,  according  to  the  history  and  the  macroscopic 
examination,  practically  normal  structures,  yet  we  have  found  in  all 
of  them  some  pathologic  changes,  i.  e.,  foci  of  round  cell  infiltration, 
tubercles,    calcified    cartilages,    capillary    dilatation    or    other    changes 


19.  Oppel :  Lehrbuch  der  vergleichenden  mikroskopischen  Anatomic  6-7. 
Miller,  W.  S. :  Reference  Handbook  Medical  Sciences;  Am.  Rev.  Tuberc.  2: 
(May)  1918;  2:  (Jan.)  1919;  Anat.  Rec.  5:  (March)  1911;  Bull.  Robert  Koch 
Soc.  for  Study  of  Tuberc.  (Feb.  11)  1913;  (April  20)  1916;  Anat.  Anz.  28: 
1906;  Contributions  to  Embryology-,  No.  38.  Larsell,  O. :  Nerve  Terminations 
in  the  Lung  of  the  Rabbit,  J.  Compar.  Neurol.  33:105,  1921.  Baltisberger,  W. : 
Ueber  die  glatte  Muskulatur  der  Menschlichen  Lunge,  Ztschr.  f.  Anat.  in 
Entwicklungsgeschichte  61:249,  1921. 
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which  distorted  the  normal  picture  in  some  particular.  These  findings, 
in  accordance  with  similar  reports  from  others,  show  that  few  of  us 
escape  the  marks  left  by  acute  or  chronic  respiratory  infections  which 
are  capable  of  altering  the  normal  tissue. 

The  principal  bronchi  enter  the  hilum  of  the  lung  and  divide  and 
subdivide  quickly  several  times  into  smaller  tubes,  which  when  they  are 
reduced  in  size  to  from  0.5  mm.  to  1  mm.  inside  diameter,  are  termed 
bronchioles.  These  bronchioles  divide  to  form  the  atrium,  air  sac 
(infundibulum),  and  the  air  cell  (alveolus). 


Fig.  1. — Diagram  showing  the  method  used  for  obtaining  the  blocks  of  lung 
tissue  which  contain  the  parts  of  the  bronchial  tree  studied.  The  figures  give 
the  actual  thickness  in  millimeters  of  the  blocks  used.  The  black  dots  along 
the  bronchial  margin  indicate  the  side  of  the  block  from  which  the  sections 
were  taken  for  study.  The  measurements  and  sections  shown  in  this  diagram 
correspond  to  those  actually  obtained  in  Case  6. 

The  structure  of  all  these  divisions  is,  in  general,  the  same,  the 
arrangement,  diminution  or  disappearance  of  any  layer  being  incidental 
to  the  reduction  in  the  size  of  the  tube.  We  shall  discuss  briefly  the 
following  structures :  The  epithelium,  basement  membrane,  sub- 
epithelial tissue,  muscle,  mucous  glands  and  the  outer  fibrocartilaginous 
layer. 

Epithelium. — The  epithelium  in  the  trachea  and  larger  bronchi  is 
made  up  of  two  or  three  layers,  a  deep  layer  of  small,  closely  approxi- 
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mated  cells,  which  in  places  has  the  appearance  of  two  layers  of  cells, 
and  a  lining  layer  of  ciliated  columnar  cells  from  which  processes 
extend  and  attach  to  the  basement  membrane.  In  this  lining  layer  there 
are  also  the  goblet  cells,  which  are  most  numerous  in  the  larger  bronchi 
and  gradually  disappear  as  the  size  of  the  tube  decreases,  but  may  be 
found  even  in  the  bronchioles.  The  epithelium  also  gradually  changes 
in  character  from  the  layered  ciliated  type  in  the  large  bronchi  to  the 
single  layer  of  ciliated  or  nonciliated  cuboidal  cells  or  flat  cells  in  the 
bronchiole.  This  epithelium  throughoift  is  thrown  into  shallow  longi- 
tudinal folds. 

Basement  Membrane. — The  well-marked  basement  membrane  on 
which  the  epithelium  rests  forms  a  thin  compact  layer,  containing  a 
few  spindle  shaped  cells,  and  is  pierced  here  and  there  by  gland  ducts 
and  by  processes  passing  into  the  epithelium. 

Subepithelial  Tissue. — The  layer  of  loose  connective  tissue  which 
is  found  just  beneath  the  epithelium  in  all  the  divisions  of  the  bronchi 
down  to  the  bronchiole,  has  been  designated  by  us  the  subepithelial 
connective  tissue  layer.  It  contains  numerous  capillaries,  fine  elastic 
fibers,  small  round  cells  and  connective  tissue  cells  and  intermingles  in 
its  outer  portion  with  the  coarser  elastic  fiber  layer.  This  latter  layer 
is  prominent  in  all  the  divisions  of  the  bronchi  down  to  and  including 
the  bronchioles,  forming  distinct  longitudinal  bundles  of  fibers  which 
show  some  irregularities  in  the  direction  where  gland  ducts,  vessels,  etc., 
penetrate  it.  In  these  places  the  fibers  may  appear  to  form  distinct 
circular  bundles. 

Muscle. — The  description  of  the  nonstriated  muscular  system  of  the 
bronchial  tree  and  the  lung  parenchyma  in  histologies,  almost  without 
exception,  is  very  meagre  and  misleading,  and  few  observers,  who  have 
made  no  special  study  of  this  system,  appreciate  its  complicated  struc- 
ture, extent  and  importance.  In  the  trachea  and  in  the  main  bronchi 
with  similar  structure,  the  muscle  tissue  is  practically  limited  to  the 
posterior  membranous  part  where  it  forms  bundles  that  extend  between 
the  ends  of  the  incomplete  ring  cartilages  and  the  interval  between 
them,  but,  when  these  cartilages  are  replaced  by  irregular  plates  in  the 
further  divisions  of  the  bronchi,  the  muscle  forms  a  more  or  less  con- 
tinuous layer,  the  so-called  "ring  muscle"  layer.  The  fact  is,  that,  in 
man  at  least,  this  layer  is  not  a  true  ring  muscle,  except  probably  in  the 
finer  bronchi,  but  is  made  up  of  short  bundles  which  join  each  other  in 
such  a  manner  that  a  netlike  sheath  encircling  the  tube  is  formed,  the 
general  direction  of  the  fibers  being  circular.  As  the  tube  diminishes 
in  size,  the  muscular  layer  becomes  thinner  and  thinner,  and  in  the 
respiratory  bronchiole  and  in  the  lung  parenchyma  it  is  represented  by 
only  a  few  delicate  fibers.     In  certain  lower  animals,  e.  g.,  the  turtle. 
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the  distribution  of  smooth  muscle  fibers  in  the  king  parenchyma  is 
very  striking. 

The  layer  which  connects  the  muscularis  to  the  fibrocartilaginous 
layer  consists  of  areolar  tissue  and  contains  mucous  glands  and  muco- 
serous  glands,  blood  vessels,  nerves,  and  adipose  tissue.  This  layer  is 
best  developed  in  the  larger  bronchi  and,  as  the  size  of  the  tube  dimin- 
ishes, becomes  progressively  thinner,  the  glands  being  rarely  found  in 
tubes  less  than  1  mm.  inside  diameter. 

Glands.— The  gland  system,  like  the  muscle  system,  has  not  received 
the  attention  of  the  histologist  that  it  deserves.  The  glands  are  of  the 
tubulo-alveolar  variety  and  are  distributed  chiefly  between  the  cartilages 
and  the  muscle  layer  about  the  whole  circumference  of  the  bronchus, 
but  in  middle  sized  and  smaller  bronchi  they  are  best  developed  in  the 
tissue  between  the  edges  of  the  cartilage  plaques  and  may  even  appear 
outside  the  cartilages.  They  are  chiefly  mucous  glands  but  contain  also 
a  few  crescents  of  Gianuzzi.  The  acini  are  lined  by  columnar  epithelium 
and  the  ducts  which  often  form  ampullae-like  widenings  on  entering 
the  mucosa  are  lined  by  cuboidal  ciliated  epithelial  cells.  In  certain 
animals,  especially  in  rodents,  gland  tissue  is  absent  in  all  the  bronchial 
divisions  within  the  lung.  In  others  where  glands  are  present  the 
proportion  of  mucous  to  serous  gland  tissue  varies  greatly,  thus  in  the 
sheep  and  the  dog  the  serous  glands  are  in  preponderance  while  in  cattle 
the  amounts  of  serous  and  of  mucous  gland  tissue  are  about  equal. 

Fihrocartilage  Layer. — The  outer  layer  of  the  bronchial  tree  is 
composed  chiefly  of  connective  tissue  which  in  all  except  the  finer 
divisions  of  the  bronchi  contains  cartilages.  These  cartilages  in  the 
trachea  and  the  primary  bronchi  form  incomplete  rings  extending  over 
the  ventral  and  lateral  walls,  but  in  further  divisions  of  the  tube  are 
broken  up  into  irregularly  shaped  plates  of  various  sizes  and  are 
disposed  over  the  whole  circumference  of  the  tube.  These  plates 
gradually  diminish  in  size  and  number  and  are  rarely  present  in  tubes 
with  an  inside  diameter  of  less  than  1  mm.  The  connective  tissue, 
however,  continues  as  a  distinct  layer  into  the  much  smaller  divisions. 
It  is  interesting  to  note  here  that  cartilages  are  absent  in  that  portion 
of  the  bronchial  tree  within  the  lungs  of  some  small  animals,  chiefly 
rodents. 

Lymphoid  Tissue. — This  is  found  in  all  the  main  branchings  of  the 
bronchial  tree,  the  amount  varying  according  to  the  size  of  the  tube. 
There  are  a  few  scattered  cells  of  the  lymphoid  type  in  the  subepithelial 
layer  but  true  follicles  and  nodes  are  found  only  outside  the  muscular 
layer.  Here  these  structures  may  lie  between  the  muscle  and  cartilages, 
in  the  tissue  between  the  cartilages,  or  as  is  usual  for  distinct  nodes, 
outside  the  cartilasres.     The  distinct  nodes  are  usuallv  located  at  the 
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point  of  bifurcation  of  the  tube.  Small  lymphoid  follicles  are  also  found 
scattered  in  the  wall  of  small  bronchioles  and  even  among  the  alveoli 
or  beneath  the  pleura.  Distinct  glands  are  found  about  the  trachea 
and  larger  division  of  the  bronchi. 

Blood  Supply. — The  blood  supply  of  the  bronchial  tree  is  furnished 
by  a  special  set  of  vessels,  the  bronchial  arteries,  branches  of  which 
are  found  in  all  the  divisions  of  the  bronchus  down  to  the  bronchiole. 
The  main  branches  of  this  artery  are  situated  in  the  outer  fibrous  coat 
of  the  bronchus,  numerous  radicles  being  given  off  to  form  plexuses 
which  supply  blood  to  the  glands,  muscles  and  other  structures,  the 
capillary  network  being  especially  rich  in  the  subepithelial  layer. 

Nerves.— ^erv&s  and  nerve  ganglia  are  found  in  the  walls  of  all 
divisions  of  the  bronchial  tree  down  to  the  bronchiole,  usually  lying  in 
close  apposition  to  the  branches  of  the  bronchial  artery. 

REPORT     OF     CASES 

Case  1. — Mrs.  B.,  aged  55,  married,  American,  was  first  seen  1)}'  one  of 
us  (K.)  in  April,  1915,  suffering  from  frequent  severe  attacks  of  spasmodic 
dyspnea. 

Family  History. — Negative. 

Previous  History. — .-Vt  44  she  had  had  a  severe  tonsilHtis  and  one  attack  of 
severe  abdominal  pain  (appendicitis?),  but  after  that  time  she  was  well  until 
April,  1913,  when  she  suffered  from  an  acute  coryza  and  severe  cough  lasting 
three  weeks.  During  the  following  summer  (1913)  she  was  very  nervous  and 
irritable,  and  in  August  she  went  to  the  White  Mountains.  Then  she  first 
noticed  wheezing  sounds  in  the  chest  at  night.  During  the  latter  part  of 
August  and  in  September  she  had  frequent  head  colds  accompanied  by  severe 
coughing  attacks,  and  in  the  latter  part  of  September,  following  a  severe 
prolonged  coughing  spell,  the  first  distinct  attack  of  spasmodic  dyspnea 
occurred.  These  attacks  of  coughing  and  dyspnea  increased  rapidly  in  num- 
ber and  severity,  and  by  October  10  they  were  coming  four  and  five  times 
daily,  but  were  usually  almost  instantly  relieved  by  small  subcutaneous  doses 
of  epinephrin  •  (1 :  1000).  While  visiting  in  the  South  in  November  and 
December  she  had  complete  relief  from  dyspneic  attacks  but  the  severe  cough 
persisted,  although  usually  relieved  quickly  by  inhaling  the  smoke  of  stra- 
monium leaves.  While  returning  North  in  January,  1914,  she  contracted  a 
severe  cold  and  the  dj^spneic  attacks  returned  with  increased  severity,  forc- 
ing her  to  stop  off  at  Atlanta,  Ga.,  where  she  remained  under  a  physician's 
care  for  about  three  months,  apparently  suffering  from  a  bronchopneumonia. 
In  April,  in  Chicago,  the  paroxysmal  attacks  of  dyspnea  again  returned  with 
increased  frequency  and  severity  and  were  incompletely  relieved  by  subcu- 
taneous injections  of  epinephrin,  but  the  troublesome  cough  was  relieved  by 
small  doses  of  potassium  iodid.  The  attacks  of  dyspnea  and  coughing  per- 
sisted to  a  greater  or  lesser  degree  all  summer  while  traveling  in  the  West. 
In  September,  1914,  she  entered  a  Chicago  hospital  for  observation  by  a 
local  internist.  There  a  tooth  infection  was  cleaned  up  and  a  vaccine,  made 
from  her  sputum  cultures,  was  administered,  but  these  measures  seemed  to 
give  only  a  transient  relief  of  symptoms.  Following  a  pneumococcus  infection 
in  February,  1915,  with  a  rise  in  temperature,  she  had  almost  complete  relief 
from  both  the  dyspneic  attacks  and  the  harassing  cough  until  the  latter  part 
of  March,  when  both  returned  in  a  severe  form.  At  this  time  she  entered 
the  Presbyterian  Hospital  in  Chicago. 
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Laboratory  Examination. — Temperature,  98.6  F. ;  pulse,  96;  respiration,  24. 
Blood  pressure,   115/75. 

Blood:  Hemoglobin.  95  per  cent.;  leukocytes,  14,000;  red  cells.  5,700,000. 
Differential  count:  Small  lymphocytes,  10  per  cent.;  large  lymphocytes,  10 
per  cent.;  large  mononuclears,  5  per  cent.;  transitionals,  2  per  cent.;  neutro- 
phils, 62  per  cent.;  eosinophils,  11  per  cent. 

Urine:  Acid;  specific  gravity,  1.020;  no  alliumin.  sugar,  acetone,  or  casts; 
few  leukocytes;  no  blood;   indican,  a  trace. 

Sputum :  Very  abundantly  produced,  thick,  mucoid,  stringy  with  white 
particles ;  no  Charcot-Leyden  crystals,  Curshmann's  spirals  or  blood,  a  few 
eosinophils,   but   no   poh'morphonuclear   neutrophil   leukocytes. 

Feces  :     Negative  for  blood  and  pus. 

Physical  Examination. — Skin,  pale  and  dry,  with  cyanotic  hue  of  the  lips, 
nose,  fingers  and  nails.  Xo  palpable  glands.  Throat,  nose  and  sinuses  nega- 
tive (Dr.  Shambaugh).  Teeth  negative  (Dr.  Moorehead).  Chest:  Increased 
in  anteroposterior  diameter.  Intercostal  spaces  widened.  Posture  (sitting  in 
bed)  stooped.  Lower  lung  borders  anteriorly  in  midclavicular  line  at  the 
seventh  intercostal  space;  posteriorly,  at  the  level  of  the  twelfth  spinous  process. 
Excursion  on  deepest  inspiration  scarcely  one-half  inch.  Vocal  fremitus  not 
increased.  Percussion  note  hyperresonant  over  both  lungs.  Both  inspiratory 
and  expiratory  phases  markedlj'  prolonged.  Sonorous  and  sibilant  rales  over 
whole  chest.  Heart :  Apex  beat  not  visible  or  palpable.  Epigastric  pulsation 
present.  Heart  borders  not  determinable.  All  heart  sounds  soft  and  feeble 
but  clear.  No  murmurs.  Liver :  Easily  palpable  and  extends  about  2  cm. 
below  costal  arch.  Spleen :  Palpable.  No  masses  in  the  abdomen.  Sputum : 
Bacteriologic  examination  done  at  several  periods  of  her  stay  in  the  hospital 
showed  aerobic:  Streptococcus  viridans;  Micrococcus  catarrhalis  and  pneumo- 
coccns.  Anaerobic:  Bacillus  annuliformis;  Streptococcus  parvus;  Bacillus 
fusiformis. 

Treatment  and  Course.  —  Epinephrin,  atropin,  potassium  iodid  and  strong 
coffee  gave  symptomatic  relief  of  short  duration.  The  administration  of 
autogenous  vaccines  was  followed  by  short  periods  of  improvement.  This, 
however,  was  not  permanent  and  the  recurrence  of  several  paroxysms  of 
dyspnea  depressed  the  patient  to  such  a  degree  of  despondency  that  she  sought 
and  found  a  voluntary  death  through  drowning.  The  body  was  in  the  water 
about  three  hours  and  was  examined  five  hours  after  death. 

Macroscopic  Examination. — Not  obtainable.      (Coroner's  case.) 

Microscopic  Examination. — The  pleurae  of  both  linigs  vary  in  thickness  and 
contain  but  a  few  foci  of  round  cells.  Most  of  the  alveo'i  are  of  normal  size, 
contain  only  an  occasional  endothelial  cell,  and  have  thin  walls  which  also 
contain  a  few  small  foci  of  round  cells.  In  the  outer  borders  of  both  lungs 
the  alveoli  are  dilated  and  some  have  ruptured  walls.  One  small  group  of 
alveoli  in  the  right  lower  lobe  contains  a  fine  granular  precipitate  in  which 
there  are  numerous  polymorphonuclear  neutrophilic  leukocytes.  The  ductuli 
respiratorii  are  patent,  slightly  dilated  and  their  walls  without  appreciable 
change.  The  bronchioles,  even  to  the  smallest,  are  somewhat  dilated  and 
most  of  them  are  occluded  by  homogenous  mucous  masses  which  contain  a 
few  epithelial  cells,  round  cells  and  many  polymorphonuclear  cells,  many  of 
which  are  eosinophilic.  The  walls  are  thin  because  of  the  dilatation,  contain 
only  a  few  round  cells  and  have  thin  strands  of  smooth  muscle  fibers  and  of 
elastic  tissue.  The  epithelium  is  only  partially  retained  and  in  all  except 
the  smallest  bronchioles  it  rests  on  a  very  prominent  hyalinized  basement 
membrane.  Many  bronchioli  are  dilated  to  such  a  de.sjree  that  they  can  be 
differentiated   from   small   bronchi   only  by  their   structure. 

The  small  and  middle  sized  bronchi  are  dilated  so  that  longitudinal  folds 
are  obliterated,  and  almost  all  are  occluded  by  mucous  masses  which  vary 
somewhat   in    structure   and    constituents.     In    some,   the   mass    is   homogenous 
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PLATE  1 

Plate  l.-Bacterial  type  of  asthma.  Case  1.  A.  Cross  section  of  a  large 
bronchus.  Note  the  muscle  bundles,  basement  memlirane,  marked  hypertrophy 
of  mucous  glands,  and  cellular  infiltration. 

B.  Longitudinal  section  of  a  large  bronchus.  Note  the  muscle  bundles 
cellular  infiltration,  mucous  glands,  and  eosmophil  cells.  High  magnification 
of  the  area  marked  by  the  circle   is  shown   in   C. 

C    High  magnification  of  the  area  marked  by  the  circle  in  B. 

D  Ba'cterial  type  of  asthma.  Case  2.  Cross  section  of  a  large  bronchus. 
Note  the  muscle  bundles,  mucous  glands,  and  distended  capillaries. 

E.  Longitudinal  section  of  a  large  bronchus.  Note  the  muscle  bundles,  dis- 
tended capillaries   and  cellular  infiltration. 
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PLATE  2 

Plate  2.— Bacterial  type  of  asthma.     Case  2.    A.  Bronchiole  almost  occluded 
by  a  folding  of  the  epithelium. 

B.  Case  3.     Bronchiole  occluded  by  folds   of  epithelium. 

C.  Bronchiole  of  a  guinea-pig.     Fatal  horse  serum  anaphylaxis. 

D.  Food  asthma.     Case  6.     Area  of  absorption  atelectasis  with  an  adjoin- 
ing area  of  normal  lung  tissue. 
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PLATE  3 

Plate  3. — Food  asthma.    Case  6.   A.  Occlusion  of  bronchi  hy  mucous  exudate. 

B.  Cross  section  of  a  large  bronchus.     Note  the  muscle  bundles,  distended 
capillaries   and  extensive   infiltration  by  eosinophil  cells. 

C.  High  magnification  of  an  area  of  eosinophilic  infiltration  in  the  bronchial 
wall. 

D.  Mononuclear  eosinophil  cells  in  the  thymus.    Insert:  a  high  magnification 
of  these  cells. 
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and  contains  diffusely  scattered  and  polymorphonuclear  cells  which  are  mostly 
eosinophilic,  some  round  cells  and  near  the  outer  zone  desquamated  epithelial 
cells.  In  others,  the  mass  appears  much  twisted,  having  whorllike  thickened 
lines  and  rows  of  cells  intermingled  with  layers  of  homogeneous  cell  free 
mucus.  In  many  bronchi  the  mucous  masses  appear  to  be  flowing  stream-like 
into  the  bronchi  from  the  gland  ducts.  No  fibrin  and  only  a  few  erythrocytes 
are  found.  The  epithelium  is  for  the  most  part  desquamated,  only  the  lower 
layer  of  small  cells  remaining  attached  to  the  thickened  prominent  basement 
membrane.  The  basement  mem])rane  is  conspicuous  and  extends  as  a  promi- 
nent band  up  into  the  gland  ducts,  at  times  even  up  to  the  gland  itself.  The 
subepithelial  layer  contains  many  cells  chiefly  small  round  cells,  a  few  eosinophil 
cells,  mostly  polymorphonuclear,  and  a  few  mast  cells.  The  elastic  tissue  is 
prominent  in  some  bronchi  and  in  all,  the  capillaries  are  numerous  but  small. 
The  muscle  tissue  varies  greatly  in  thickness,  being  prominent  in  all  bronchi 
but  in  some  forming  large  bundles  which  are  best  seen  in  the  longitudinal 
sections  (Fig.  2).  There  is  no  evidence  of  hyaline  degeneration  or  fatty 
infiltration  of  the  muscle.  The  mucous  glands  are  very  large  and  many  are 
densely  infiltrated  by  cells  (Fig.  3).  In  most  the  acini  are  large,  filled  by 
mucus  and  are  often  separated  widely  by  infiltrating  cells  which  obscure 
large  portions  of  the  gland  structure.  These  cells  are  mostly  small  round 
cells,  but  in  some  glands  the  predominating  cells  are  polymorphonuclear 
eosinophil  cells.  Some  glands  are  almost  completely  destroyed  by  this  infil- 
tration. The  gland  ducts  leading  from  these  glands  are  large  and  in  many 
places  distinct  ampullae  are  formed  which  contain  mucus  or  mucus  inclos- 
ing many  cells.  Many  of  the  ducts  are  surrounded  by  a  zone  of  round  cells 
(Plate  1,  A,  B,  C).  Some  of  the  cartilaginous  plaques  in  both  lungs  show 
small  areas  of  calcification.  The  walls  of  some  of  the  bronchial  arteries  are 
thickened.     No  nerves  or  nerve  ganglia  are  invaded  by  round  cells. 

The  structure  of  the  larger  bronchi  is  similar  to  that  of  the  smaller 
bronchi  except  that  the  mucus  does  not  completely  occlude  any  of  them.  No 
Charcot-Leyden's  crystals  or  Curshmann's  spirals  are  found,  and  although 
the  epithelium  is  missing  throughout,  no  evidence  of  true  ulceration  can  be 
demonstrated. 

The  bronchial  lymph  glands  of  both  lungs  are  large  and  anthracotic  ;  thtir 
sinuses  contain  a  few  polymorphonuclear  eosinophils  and  they  contain  no 
evidence  of  tuberculosis. 

Summary. — The  most  significant  pulmonary  pathologic  findings  in  this  case 
are:  (1)  Complete  occlusion  of  the  majority  of  the  middle  sized  and  small 
bronchi  and  of  the  bronchioles  by  a  mucous  cellular  exudate.  (2)  Numer- 
ous large  mucus-filled  gland-duct  ampullae  (Schleimhautausstiilpungen  of 
Monckeberg).  (3)  Large  active  mucous  glands.  (4)  Marked  cellular  infil- 
tration of  the  subepithelial  layer  and  of  the  mucous  glands.  (5)  Prominence 
of  the  basement  membrane  and  of  the  muscular  layer.     (6)  Tissue  eosinophilia. 

Comment. — The  history  of  previous  attacks  of  bronchitis  and  of 
pneumonia,  of  asthmatic  attacks  beginning  after  the  fiftieth  year,  and 
the  microscopic  evidence  of  infection  in  the  bronchial  walls  point  to 
bacteria  as  the  causal  agent  in  this  case  of  asthma. 

C.\SE  2. — Mr.  G.,  aged  55,  married,  American,  entered  the  Presbyterian 
Hospital.  July.   1917,  under  the   care  of  one  of  us    (K.). 

History. — Except  for  having  had  the  usual  diseases  of  childhood,  he  was 
exceptionally  well  until  his  forty-ninth  summer  (1911),  when  a  severe  bron- 
chitis developed  and  persisted  for  six  months,  being  accompanied  near  the 
end  by  wheezing  sounds  and  one  definite  attack  of  spasmodic  dyspnea.  The 
following  spring  he  had  a  second  attack  of  bronchitis  accompanied  by  wheez- 
ing sounds  and  one  attack  of  spasmodic  dyspnea.     Following  this   the  attacks 
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came  more  frequentlj-  each  year  so  that,  at  the  time  of  entrance  into  the  hos- 
pital, six  years  after  the  first  attack,  they  occurred  as  frequently  as  from 
three  to  five  times  daily  with  only  short  periods  of  freedom.  During  this 
time  (six  years)  the  weight  gradually  fell  from  155  to  90  pounds.  Tobacco 
and  alcohol  never  used.     Gonorrhea  and   syphilis  denied. 

During  the  three  years  prior  to  July,  1917,  the  following  surgical  and 
medical  procedures  were  instituted  without  giving  relief.  1914 :  Nasal  polypi 
removed.  1915:  Twenty  injections  of  a  stock  vaccine.  Potassium  iodid  up  to 
50  minims,  three  times  daily.  Teeth  were  roentgenographed  and  two  were 
removed.  Polypi  and  turbinates  removed.  1916:  Tonsils  removed.  Eleven 
injections  of  arsphcnamin   (negative  blood  Wassermann  ! ).    1917:    Use  of  mixed 


v^*^^ 


^  "•  -VKil^ 


Fig.  2.  Case  1.  Bacterial  asthma.  Large  bronchus.  Longitudinal  section. 
Epithelium  intact.  Basement  membrane  thick  and  hyalinized.  Subepithelial 
layer  infiltrated  b\'  round  cells.  Muscle  bundles  very  large.  Glands  have  dis- 
tended acini  and  contain  foci  of  round  cells.  /  =  lumen;  f  ^  epithelium ; 
b  m  =  basement  membrane  ;  f  /  =  elastic  tissue  ;  r  c  ^  round  cells  ;  m  =  muscle  ; 
^  d  =  gland  duct;  ^  =  gland.     Magnification,  65  diameters. 


vaccine.  Removal  of  colon  was  advised  by  family  physician  as  roentgen-ray 
examination  showed  a  viceroptosis,  especially  marked  of  the  transverse  colon. 
The  patient  had  noted  that  frequent  catharsis  and  use  of  enemas  seemed  to 
alleviate  the  attacks. 

Family  History. — Mother,  two  sisters,  one  brother,   and   one  child  have  had 
asthma. 

Physical   Examination. — At   the   time   of    entrance    into    the    hospital    in    the 
summer  of  1917,  the  following  observations  were  made  :     Small,  much  emaciated 
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man.  Head  and  neck,  negative.  Chest :  thin  walled,  expansion  fair,  luiinerous 
squeaky  and  whistling  rales  on  both  sides.  Heart:  Left  border  10  cm.  from 
midsternal  line.  Rate,  tone  and  rhythm  appear  normal.  Abdomen:  Wall 
muscular.  Small  umbilical  hernia.  Liver  :  Palpable  2  cm.  below  costal  margin 
in  midclavicular  line.  Spleen  :  Xot  palpable.  Inguinal  glands  :  Kasily  palpable. 
Extremities  :  Negative. 

Blood:  Hemoglobin,  75  per  cent.;  leukocytes.  7,900;  red  cells,  3,670,000. 
Differential  count:  Small  lymphocytes,  Zi  per  cent.;  large  lymphocytes,  8  per 
cent. ;  polymorphonuclear  neutrophils,  59  per  cent. ;  polymorphonuclear  eosino- 
phils, 10  per  cent. 

Urine:  Specific  gravity,  1.0,32;  no  albumin,  casts,  sugar  or  pus. 


Fig.  3.  Case  1.  Bacterial  asthma.  Large  bronchus.  Cross  section.  Epi- 
thelium intact  and  containing  goblet  cells.  Basement  membrane  thick  and 
hyalinized.  Subepithelial  layer  infiltrated  by  round  cells.  Aluscle  bundles  large. 
Mucous  glands  large  and  infiltrated  by  round  cells,  e  =  epithelium  ;  f/c^  goblet 
cells  ;  b  111  ^  basement  membrane  ;  in  =  muscle  ;  r  c  ^  round  cells  ;  g  =z  gland  ; 
c  =  cartilage.     Magnification,  70  diameters. 


Gastric  content:  Ewald  test  meal:  Free  acid,  8  per  cent.;  combined  acid, 
37  per  cent. ;  total  acidity,  45  per  cent. 

Electrocardiogram :  Slight  hyperbalance  of  right  heart. 

Blood  pressure :   122/75. 

Medication. — Potassium  iodid,  epinephrin  and  autogenous  vaccine.  At  the 
time  of  entrance  to  the  hospital  the  patient  suffered  from  two  to  four  attacks 
of  dyspnea  daily,  coughed  a  great  deal,  raised  a  small  amount  of  sticky  mucus 
and    complained   of   pain    in    chest    and   of   abdominal    distention    and    distress. 
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Ten  minims  of  epinephrin  usually  gave  prompt  relief.  However,  after  enjoying 
a  period  of  quiescence  for  ten  days,  the  patient  died  in  an  attack  which  had 
lasted  three  days.     The  necropsy  was  performed  the  next  day. 

Necropsy  Report:  Anatomic  Diagnosis. — Chronic  fibrous  rhyocarditis ; 
marked  emphysema  of  the  lungs ;  barrel-shaped  chest ;  hyperemia  of  the  peri- 
cardial sac;  passive  hyperemia  of  the  liver  and  spleen;  slight  chronic  inter- 
stitial nephritis  and  hyperemia  of  the  kidneys;  fil)rous  episplenitis ;  calvities 
and  canities. 

Macroscopic  Examination.'" — The  body  is  that  of  a  white  man  aliout  55 
j-ears  of  age,  weighing  approximately  100  pounds.  Rigor  mortis  is  marked  and 
posterior  lividity  is  present.  Muscular  development  is  fair  and  the  bones  are 
of  medium  size.  The  chest  wall  is  bulging,  and  the  abdomen  flat.  The  sub- 
cutaneous fat  in  the  midline  of  the  trunk  in  front  has  a  maximum  thickness  of 
5  mm.  The  inguinal  rings  are  closed.  The  liver  extends  two  finger  breadths 
below  the  costal  margin.  The  diaphragm  on  the  right  side  extends  upward  to 
the  middle  of  the  fourth  rib,  on  the  left  to  the  fifth  interspace.  Thorax :  The 
pericardial  sac  is  blue,  caused  by  the  engorgement  of  the  vessels  which  supply 
it.  There  is  only  the  normal  amount  of  fluid  present.  The  apex  of  the  heart  is 
made  up  of  the  right  ventricle.  The  pulmonary  artery  and  the  right  heart  con- 
tain only  fluid  blood.  The  wall  of  the  left  ventricle  at  its  thickest  portion 
measures  2  cm. ;  the  right,  7  mm.  It  weighs  320  gm.  The  heart  muscle  is 
pale  red  and  slightly  filirous.  The  lungs  are  huge  and  are  free  from  adhesions. 
They  are  red  and  black  in  color  and  bulge  out  when  the  sternum  is  removed 
in  the  usual  manner.  The  cut  sections  are  spongy  and  some  blood  flows  from 
their  surfaces.  Liver:  The  liver  is  reddish  brown  and  weighs  1,450  gm.  Its 
capsule  is  smooth,  except  in  places  where  it  has  been  adherent  to  the  diaphragm. 
There  is  a  yellow  scar  on  the  right  lobe  8  mm.  in  its  largest  diameter,  which 
when  cut  does  not  extend  into  the  liver  substance.  The  cut  surfaces  are  red  and 
exude  much  blood.  Kidneys  :  The  kidneys  together  weigh  230  gm.  Their  cap- 
sules are  smooth,  but  strip  with  difficulty,  leaving  a  rough  irregular  surface. 
The  cut  surfaces  are  red  and  the  cortical  markings  are  fairly  distinct.  Spleen  : 
The  spleen  is  rough  and  slaty  blue,  except  the  rough  surface  made  up  of  yellow- 
ish nodules  averaging  2  mm.  in  diameter.  The  cut  surfaces  are  very  red  and 
pulpy,  much  blood  flowing  from  these  surfaces.     It  weighs  150  gm. 

Microscopic  E.vamination. — The  pleura  varies  in  thickness  from  0.06  to  0.09 
mm.,  and  shows  no  abnormalities  except  a  few  widely  distended  blood  vessels. 
The  alveoli  are  not  abnormally  distended,  except  in  patches  in  the  periphery 
of  the  upper  lobes  of  both  lungs  and  they  are  empty,  except  in  the  left  lower 
lobe  where  a  few  small  areas  are  obliterated  by  accumulations  of  a  fine  granu- 
lar precipitate  which  contains  only  a  few  erythrocytes.  The  alveolar  walls 
throughout  both  lungs  are  thickened  by  distention  of  capillaries  and  an  occa- 
sional accumulation  of  small  mononuclear  cells.  The  epithelium  of  the  ductuli 
respiratorii  is  intact  and  shows  no  abnormalities.  The  walls  of  these  passages 
contain  short  muscle  bundles  from  0.010  to  0.015  mm.  in  thickness  and  only  a 
few  small  mononuclear  cells. 

The  bronchioles  in  all  parts  of  the  lungs  are  similar  in  structure.  In  a  few 
of  the  smaller  bronchioles  the  lumina  are  narrowed  by  a  deep  folding  of  the 
epithelium  (Plate  2  A).  In  a  few  others  the  lumina  are  occluded  by  a  fine 
granular  precipitate  containing  only  a  few  large  pigmented  mononuclear  cells, 
while  in  the  majority  the  lumina  are  patent  and  contain  only  a  few  of  the  pig- 
mented cells.  The  epithelium  is  well  perserved,  is  thrown  into  longitudinal 
folds  varying  in  height  from  0.010  to  0.085  mm.  and  having  a  thickness  in  the 
smaller  bronchioles  of  from  0.0075  to  0.020  mm.  and  in  the  larger  bronchioles 
from  0.050  to  0.095  mm.  No  goblet  cells  are  visible.  The  basement  membrane  is 
not  conspicuous.     The  sul)epithelial  layer  is  thin  and  contains  only  a  very  few 


20.  Only  those  parts  of  the  complete  necropsy  reports  which  seemed  to  have 
a  possible  relationship  to  the  problem  of  our  study  are  given  here. 
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nionomiclear  cells.  The  muscle  layer,  varying  in  thickness  from  thin  strands 
to  definite  bundles  0.060  mm.  thick,  does  not  form  a  continuous  layer  and 
varies  greatly  in  si;.e  in  different  parts  of  the  circumference  of  the  bronchiole. 
The  elastic  tissue  is  scanty  and  the  librous  tissue  is  found  only  in  moderate 
amounts. 

The  structure  of  the  bronchi  in  all  parts  of  the  lungs  is  essentially  the  same. 
The  lumina  of  all  contain  only  a  small  amount  of  granular  precipitate  in 
which  there  are  fragments  of  desquamated  epithelium.  The  epithelium  is 
thrown  into  longitudinal  folds  from  0.06  to  0.24  mm.  high  and  contains  only  a 
few  goblet  cells.  There  is  no  evidence  of  new  or  old  ulcer  formation  in  the 
epithelium.  The  basement  membrane  is  visible  only  in  parts  of  the  circumfer- 
ence. The  subepithelial  layer  is  thin  and  contains  distended  capillaries,  scat- 
tered small  mononuclear  cells,  a  few  polymorphonuclear  eosinophil  cells,  plasma 
cells  and  small  bundles  of  elastic  tissue.  The  muscle  layer,  which  in  many 
bronchi  lies  unusually  near  the  epithelium,  is  very  well  developed,  the  bundles 
in  some  of  the  larger  bronchi  being  0.23  mm.  in  thickness  (Fig.  4).  These 
bundles,  as  seen  best  in  the  longitudinal  sections,  are  separated  from  each 
other  by  only  a  thin  connective  tissue  layer  containing  distended  capillaries 
(Plate  1  D,  and  E).  The  mucous  glands  are  of  moderate  size  and  their  acini 
are  small.  Most  of  the  glands  contain  dense  foci  of  small  mononuclear  cells, 
and  in  many  of  them  only  small  fragments  of  gland  tissue  remain.  The  outer 
portions  of  many  of  the  glands  contain  many  fat  cells.  Many  of  the  gland 
ducts  in  the  subepithelial  layer  are  surrounded  by  a  wide  zone  of  closely  placed 
small  mononuclear  cells,  and  in  many  ducts  the  lumina  form  conspicuous 
ampullae-like  enlargements  between  the  cartilage  and  muscle  layer.  These 
ampullae-like  structures  contain  a  small  amount  of  mucus  in  which  there  is 
much  desquamated  epithelium.  The  cartilages  are  unchanged.  The  distended 
capillaries  in  all  layers  of  the  bronchi  are  very  conspicuous  and  show  well 
their  distribution  in  these  structures.  The  walls  of  many  of  the  bronchial 
arteries  in  the  larger  bronchi  are  very  thick.  The  ganglia,  nerves  and  nerve 
sheaths  are  not  infiltrated  or  surrounded  by  cells. 

Comment. — The  most  significant  pathologic  changes  in  this  case 
are:  (1)  The  numerous  large  gland  duct  ampullae.  (2)  The  extensive 
cellular  infiltration  in  the  hronchial  mucous  glands.  (3)  Small  size  of 
hronchial  mucous  glands  and  ahundant  periglandular  collections  of  fat 
cells.  (4)  Prominence  of  the  hronchial  muscular  system.  (5)  Thick- 
ening of  the  walls  of  the  bronchial  arteries.  The  history  of  a  severe 
bronchitis  preceding  and  accompanying  the  attacks  of  dyspnea,  of  asth- 
matic attacks  beginning  about  the  fiftieth  year  and  the  microscopic 
evidence  of  infection  of  the  bronchial  nuicous  glands  ])oint  to  bacteria 
as  the  causal  agents  in  this  case  of  asthma. 

Case  3. — Miss  L.,  aged  17,  entered  the  Cook  County  Hospital  suffering  from 
an  acute  infection. 

History. — Since  early  childhood  she  had  had  frequent  severe  attacks  of  spas- 
modic dyspnea  which  were  always  worse  in  summer  and  were  accompanied  by 
severe  coughing  and  raising  of  a  thick  sticky  sputum.  The  attacks,  while  less 
frequent  in  the  past  year,  had  become  more  severe  in  character. 

Family  History. — Negative. 

E.vamination. — Pulse,  116;  respiration,  28:  temperature  99.4  F. ;  blood  pres- 
sure, 110/12.  Blood:  Hemoglobin,  75  per  cent.;  leukocytes,  11200;  red  blood 
cells.  4,420,0(X).  Differential  count:  small  lymphocytes,  8  per  cent.;  large 
lymphocytes,   2   per   cent.;   neutrophils,   84   per   cent.;   eosinophils,   5   per   cent.; 
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transitionals,  1  per  cent.  Alarked  pyorrhea  alveolaris ;  l)ilateral  cervical 
adenopathy. 

Urine:  Positive  for  all)umen  and  casts.  Thorax:  increased  anteroposterior 
diameter;  normal  lung  borders;  diminished  excursion  on  both  sides;  percussion 
note  hyperresonant  over  whole  chest ;  numerous  wheezing  and  squeaking  rales 
on  both  sides ;  one  small  area  of  crackling  rales  over  the  medium  dependent  por- 
tion of  the  left  lower  lobe.  Heart :  Heart  tones  indistinctly  heard ;  no  mur- 
murs. Abdomen :  Negative.  Adenopathy  of  axillary  and  inguinal  glands. 
Reflexes,  normal. 

Diagnosis. — Bronchial  asthma;  localized  patch  of  bronchitis:  emphysema; 
nephritis   and  pyorrhea  alveolaris. 


Fig.  4. — Case  2.  Bacterial  asthma.  Large  bronchus.  Cross  section.  Epi- 
thelium desquamated.  Basement  membrane  not  visible.  Subepithelial  layer 
contains  few  cells.  Muscle  bundles  large.  Glands  small  and  contain  foci 
of  round  cells.  All  vessels  distended.  /  ^  lumen  ;  »/^  muscle;  ^  ;=  gland  ; 
/  c  =  f  at  cells;  ^•  =  vein.     Magnification,  45  diameters. 


Course. — There  was  a  steady  improvement  in  condition  for  sixteen  days, 
then  a  sore  throat  developed,  with  abdominal  pain,  vomiting  and  other  symp- 
toms of  acute  intoxication.     The   patient  died  three  daj's   later. 

Necropsy  Report  (Dr.  Stangl)  :  Anatomic  Diagnosis. — Acute  hemolytic 
streptococcus  pericarditis  and  peritonitis;  cloudy  swelling  of  myocardium,  liver 
and  kidneys;  acute  emaciation;  fibrous  obliteration  of  the  right  pleural  cavity; 
hyperplasia  of  the  spleen.  Bacterial  cultures  of  pericardial  lluid  and  heart 
blood  showed  hemolytic  streptococci. 
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Macroscopic  Examination. — The  body  is  that  of  a  small,  poorly  nourished 
white  girl  about  12  years  of  age.  Height,  146  cm.  The  lips  and  fingers  are 
cynotic.  The  thyroid  is  slightly  enlarged.  The  skeletal  muscles  are  well 
developed.  The  axillary  Iymi)h  glands  are  somewhat  enlarged.  Alidomen : 
The  abdominal  cavity  contains  a  large  quantity  of  a  1)ro\vnish  fluid  in 
which  are  flocculi  of  fibrin.  The  omentum  hangs  low  and  is  covered  with 
fibrin.  The  peritoneal  surface  of  the  intestines  is  reddened  and  coated  with 
fibrin.  The  lower  border  of  the  liver  is  at  the  costal  margin.  There  are 
fibrous  adhesions  l)etween  the  fundus  of  the  gallbladder  and  the  stomach  and 
duodemmi.  The  diaphragm  reaches  to  the  fifth  rib  on  the  right  side  and  to  the 
fourth  rib  on  the  left.  Pleural  cavity :  The  right  pleural  cavity  is  entirely 
olil iterated  l>y  fibrous  adhesions.     The  left  cavity   is  free  of  adhesions.     There 


Fig.  5. — Case  3.  Food  (?)  asthma.  Bronchiole.  Cross  section.  Muscle 
layer  prominent.  Area  of  round  cells.  6  r:^  bronchiole ;  m  =  muscle;  a  == 
artery ;  al  =  alveoli ;  ?■  c  =  round  cells.     Magnification,  85  diameters. 


is  a  moderate  amount  of  granulation  tissue  at  the  site  of  the  thymus.  Peri- 
cardial cavity :  The  pericardial  cavity  contains  a  small  amount  of  turbid  fluid 
in  which  there  is  fibrin.  There  are  many  petechial  hemorrhages  beneath  the 
epicardium.  Heart :  The  venae  cavae  are  engorged  with  dark  clotted  blood. 
The  tricuspid  and  aortic  valves  are  normal.  There  is  a  healed  vegetative 
growth  on  one  cusp  of  the  mitral  valve.  The  myocardium  is  pale  red  and 
grossly  without  change.  The  heart  weighs  400  gm.  Lungs  :  The  surface  of  the 
right  lung  is  covered  by  extensive  fibrous  adhesions,  but  it  crepitates  every- 
where and  is  free  from  coal  dust  pigmentation.  It  weighs  320  gm.  The  surface 
of   the    left    lung    is    smooth    and    it   crepitates    everywhere.      The   trachea    and 
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bronchi  exude  a  thick  mucopus  and  the  mucosa  is  hyperemic.  The  tracheo- 
bronchial lymph  glands  are  brown  in  color.  Liver :  The  liver  is  mottled  reddish 
brown  and  yellow  and  its  capsule  is  smooth  and  dull.  Spleen :  Large  and  firm 
and  weighs  320  gm.  The  solitary  lymph  follicles  of  the  large  intestine  are 
prominent  (2  mm.),  and  some  are  surrounded  by  small  hemorrhages.  There 
is  one  small  cyst  in  each  ovary.  Kidneys:  Weight.  400  gm. ;  mottled  in  color; 
fetal  lobulations.  The  capsule  is  smooth  and  strips  readily,  leaving  a  smooth 
surface.  The  cortical  striations  are  plainly  visible.  The  lining  of  the  pelvis  is 
smooth  and  unchanged.    Head:  The  brain  and  meninges  show  no  gross  changes. 

Microscopic  Examination. — Left  lung  examined.  The  pleura  is  slightly 
thickened  throughout  and  contains  numerous  small  foci  of  small  round  cells. 
Most  of  the  alveoli  are  small,  containing  only  a  few  pigmented  endothelial 
cells,  and  their  walls  are  considerably  thickened  by  dilated  capillaries,  and 
numerous  small  accumulations  of  small  round  cells.  The  remaining  alveoli 
are  moderately  dilated,  contain  no  exudate  and  have  thinner  walls. 

The  bronchioles  in  the  whole  lung  vary  markedly  in  size  and  structure, 
some  being  dilated  and  with  thin  walls,  others  being  markedly  contracted. 
In  some  the  folds  of  epithelium  have  sloughed  off  and  completely  occluded  the 
lumen  (Plate  2  B).  The  lumina  of  the  former  vary  in  size  from  0.25  to  0.5 
mm.  and  the  latter  from  0.07  to  0.15  mm.  The  other  measurements  are  given 
in  Table  \.  The  single  layered  low  cul)oidal  epithelium  is  intact  and  the 
subepithelial  layer  contains  a  few  small  round  cells,  a  small  amount  of  elastic 
tissue  and  an  occasional  polynuclear  eosinophil  cell.  The  muscular  layer  in  some 
bronchioles  form  a  distinct  complete  circular  ring  l)ut  in  most  it  is  interrupted 
(Fig.  5). 

The  lumina  of  the  smaller  and  medium  sized  bronchi  contain  only  a  small 
amount  of  exudate  which  adheres  to  the  epithelium  and  consists  chiefly  of 
mucus  containing  epithelial  cells  either  isolated  or  in  clumps.  Among  these 
cells  there  are  a  few  polymorphonuclear  neutrophils  and  eosinophils  and  a 
few  round  cells.  The  epithelium  is  intact  except  in  the  deeper  cryptlike  pockets 
between  folds  where  only  the  lower  layer  of  cells  remains.  The  outer  layer 
of  the  epithelium  contains  numerous  goblet  cells  and  in  some  bronchi  there 
are  a  few  small  round  cells  and  polynuclear  eosinophil  cells  between  the 
epithelial  cells.  There  is  no  appreciable  lengthening  of  the  epithelial  cells  in 
any  portions  of  the  bronchi.  The  basement  membrane  is  distinct  and  appears 
hyalin  even  in   the  bronchioles. 

The  subepithelial  layer  varies  considerably  in  thickness  even  in  the  same 
bronchus,  as  is  well  shown  by  the  longitudinal  sections.  This  layer,  especially 
that  portion  lying  nearest  the  basement  membrane,  is  infiltrated  by  numerous 
small  round  cells,  plasma  cells  and  a  few  polymorphonuclear  eosinophil  cells. 
The  longitudinal  and  circular  bundles  of  elastic  tissue  are  not  increased  in  size 
and  the  capillaries  are  not  distended. 

The  muscular  layer  in  all  bronchi  is  well  developed  and  shows  especially 
in  the  longitudinal  sections  the  distinct  bundle  arrangement  (Fig.  6).  The 
connective  tissue  separating  and  extending  into  these  bundles  contains  a  few 
polymorphonuclear   eosinophil  cells   and   a   few   small   round   cells. 

The  mucous  glands  which  are  found  in  all  lironchi  having  an  outside 
diameter  greater  than  2  mm.  are  large  and  most  are  infiltrated  extensively  by 
small  round  cells.  The  acini  of  the  glands  are  not  in  active  secretion  and  in 
many  glands  they  are  distorted  and  widely  separated  by  the  infiltrating  round 
cells,  while  in  some  glands  only  a  few  small  acini  remain.  The  walls  of  the 
mucous-gland  ducts  contain  many  round  cells  and  the  tissue  around  many 
ducts  is  extensively  infiltrated.  Many  of  these  gland  ducts  are  widely  dilated 
and  form  distinct  ampullae  containing  mucus,  desquamated  epithelium  and 
round  cells.     No  eosinophil  cells  are  found  in  any  of  the  glands. 

Cartilages  are  found  in  smaller  divisions  of  the  bronchi  than  the  glands 
and  many  contain  small  calcified  areas.  One  cartilage  in  a  small  bronchus 
with  an  outside  diameter  of  2.8  mm.  contains  a  small  ossified  portion  with  a 
true  marrow  center   (Fig.  7). 
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The  walls  of  the  bronchial  arteries  arc  moderately  thickened  and  the 
nerves  and  ganglia  are  surrounded  by  connective  tissue  containing  only  a  few 
round  cells. 

The  content  and  walls  of  the  larger  bronchi  are  similar  to  that  in  the 
smaller  bronchi,  except  that  the  goblet  cells  are  somewhat  more  numerous  in 
the  former.  There  is  no  essential  difference  in  findings  in  the  bronchi  of  the 
upper  and  the  lower  lobes.  Measurements  of  the  bronchi  will  be  fovmd  in 
Table  2. 

Comment. — The  most  significant  pulmonary  pathologic  findings  in 
this   case   are:      (1)    Right    sided   adhesive   pleuritis.      (2)    Extensive 


Fig.  6. — Case  3.  Food  (  ?)  asthma.  Small  bronchus.  Longitudinal  section. 
Epithelium  shows  goblet  cells.  Basement  membrane  prominent.  Subepithelial 
layer  infiltrated  by  round  cells.  Muscle  bundles  prominent.  Glands  contain 
round  cells,  e  =  epithelium  ;  g  c  =^  goblet  cells  ;  s  e  =  subepithelial  layer ;  in  = 
muscle  ;  g  d^  gland  duct ;  g  =  gland  ;  c  =  cartilage.    Magnification,  45  diameters. 

celhilar  infiltration  of  the  subepithelial  layer,  the  mucous  glands,  and  the 
walls  of  mucous-gland  ducts.  (3)  Numerous  ampullae-like  gland  ducts. 
(4)  Prominence  of  muscle  layer.  (5)  Calcification  and  ossification  of 
cartilages.     (6)  Eosinophilic  infiltration  of  Ijronchial  wall. 

The  history  of  asthma  since  childhood  suggests  the  probability  of 
sensitization  to  plant  or  animal  proteins.  This  point  cannot  be  determined 
definitely,  as  no  skin  sensitization  tests  were  made  and  a  complete  clinical 
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history  was  not  obtainable.  The  evidence  of  an  old  infection,  the  adhesive 
pleuritis,  and  the  evidence  of  present  infection  in  the  mucous  glands 
and  the  subepithelial  layer  of  the  bronchi  point  to  bacteria  as  secondary 
agents  in  this  case  of  asthma. 

Case  4.— Mr.  E.  L.,  aged  29. 

History. — The  complete  history  is  not  available.  Patient  had  had  frequent 
head  colds  and  asthmatic  attacks  since  the  age  of  10  and  was  unable  to  do 
any  work  until  his  twenty-seventh  year  when,  following  medication  and  use  of  an 
autogenous  vaccine  there  was  a  period  of  improvement. 


Fig.  7. — Case  3.  Food  (?)  asthma.  Bronchial  cartilage  with  ossification. 
b  =  bone  with  typical  bone  marrow  ;  r  c  ^  round  cells  ;  g  =  gland  ;  c  =^  car- 
tilage.    Magnification,  70  diameters. 


Family  History. — Mother   had   asthma   after   thirty-fifth   year. 

Course. — While  in  the  army  he  discovered  that  proximity  to  horses  or 
mules  precipitated  attacks  of  asthma  and  he  therefore  wished  to  be  desen- 
sitized. This  was  attempted  by  his  physician  and  death  occurred  within  ten 
minutes  after  an  intravenous  injection  of  1  minim  of  horse  serum.  Here  we 
need  give  only  a  few  points  of  particular  interest,  as  the  complete  report  of 
the  necropsy  findings  is  given  by  Boughton.''     He  says  in  part: 


21.  Boughton.  T.   H. :    Anaphvlactic   Death   in   Asthmatics,  J.  A.   M.   A.   73: 
1912   (Dec.  29)    1919. 
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Both  lungs  were  enormously  distended  and  emphysematous.  The  left  lung  showed  a  small 
area  of  hemorrhage  on  the  lateral  portion  of  the  lower  lobe,  about  4  cm.  in  diameter,  with  a 
gelatinous  organizing  exudate  at  this  point.  On  section  the  lungs  are  dry.  The  right 
pleural  cavity  was  largely  obliterated  by  firm  fibrous  adhesions.  No  fluid  was  present  in 
either  cavity.  The  heart  was  firm  and  of  normal  size  and  appearance  except  for  a  few  sub- 
pericardial   petechial    hemorrhages   on   the   posterior   surface. 

Microscopic  Examination. — Lungs:  There  was  a  moderate  passive  hyperemia,  but  no  edema. 
There  were  a  few  small  interstitial  hemorrhages.  A  little  mucus  and  a  f.w  desquamated 
epithelial  cells  were  seen  in  some  of  the  bronchioles.  The  peribronchiolar  muscle  was  well 
developed.  A  few  arteries  showed  greatly  thickened  walls,  and  many  showed  a  moderate 
thickening  of  the  walls.     Eosino])hils  were  very   numerous   in   the   spleen. 

Microscopic  Examination. — Drs.  Boughton  and  Raulston,  the  pathologists, 
kindly  furnished  us  with  the  blocks  of  tissue  from  this  case  so  that  we  could 
make  a  more  detailed  study  of  the  lungs.  Our  findings  are  as  follows  :  The 
structure  of  the  pleura  varies  from  a  thin  layer  0.09  mm.  thick  with  no  appre- 
ciable changes  to  a  layer  1.35  mm.  thick.  This  increased  thickness  is  due 
chiefly  to  filarous  tissue,  the  outer  layer  of  which  is  less  compact  and  contains 
numerous  small  extravasations  of  erythrocytes.  The  pleura,  especially  in  the 
thickened  portion,  contains  numerous  small  capillaries,  scattered  small  round 
cells,  a  few  small  foci  of  round  cells,  but  no  eosinophil  cells.  In  some  oblit- 
erated interlobar  spaces  and  in  portions  of  thickened  pleura,  where  adhesions 
are  evident,  small  thick-walled  arteries  are  very  conspicuous.  The  alveoli 
have  no  uniformity  in  size  due  to  the  unusual  variation  in  structure  of  the 
interstitial  tissue.  Some  are  widely  dilated  and  have  thin  intact  or  ruptured 
walls  while  those  adjoining  may  be  small  and  have  walls  thickened  by  fibrous 
tissue  and  cellular  infiltration.  The  lumina  of  most  of  the  alveoli  contain 
only  an  occasional  large  piginented  mononuclear  cell,  but  in  a  few  small  areas 
they  are  completely  filled  by  a  finely  granular  precipitate  containing  an  occa- 
sional erythrocyte.  The  patchy  thickening  of  the  interstitial  tissue  is  very 
striking  and  in  many  parts  of  the  lungs  patches  of  alveoli  are  almost  com- 
pletely obliterated  by  a  dense  tissue  which  consists  of  a  network  of  fibrous 
tissue  surrounding  various  sized  groups  of  cells.  These  cells  are  chiefly  small 
round  cells,  often  grouped,  with  densely  stained  nuclei  and  scanty  cytoplasm, 
large  cells  with  small  nuclei  and  abundant  homogeneous  cytoplasm,  plasma 
cells,  pigmented  endothelial  cells,  a  few  polymorphonuclear  neutrophil  cells 
and  an  occasional  polymorphonuclear  eosinophil  cell.  Throughout  this  tissue 
there  are  numerous  fragments  of  hyperplastic  epithelium,  some  small  isolated 
bronchioles  with  walls  that  are  densely  infiltrated  by  small  round  cells,  and 
which  are  surrounded  by  a  thick  zone  of  fibrous  tissue,  thin  strands  of  non- 
striated  muscle  fibers,  and  numerous  small  thick  walled  arteries  surrounded 
by  a  thick  zone  of  dense  fibrous  tissue. 

The  epithelium  of  the  ductuli  respiratorii  is  intact  and  the  supporting  layer 
of  tissue  contains  numerous  small  round  cells,  a  few  polymorphonuclear  eosino- 
phil cells,  and  in  many  places  short  bundles  of  smooth  muscle  from  0.01  to 
0.02  mm.  thick. 

The  smallest  bronchioles  contain  only  an  occasional  pigmented  mononuclear 
cell  and  their  lumina  are  narrowed  by  longitudinal  folds  of  epithelium  from 
0.03  to  0.04  mm.  high.  The  epithelium  is  intact  and  contains  no  goblet-like 
cells.  The  basement  meml)rane  appears  hyalin  and  is  distinctly  visible  for 
only  parts  of  the  circumference.  The  subepithelial  layer  contains  numerous 
small  mononuclear  cells,  a  few  polymorphonuclear  eosinophil  cells,  a  few 
plasma  cells,  and  a  few  constricted  capillaries  (epinephrin  effect?).  The  mus- 
cular layer  varies  greatly  in  thickness  in  different  bronchioles  and  does  not 
form  a  continuous  band.  The  outer  layer  of  tissue  is  composed  of  loose  fibrous 
tissue  in  which  are  many  cells  similar  to  those  in  the  subepithelial   layer. 

The  larger  1)ronchioles  are  almost  filled  by  a  granular  precipitate  which 
contains  only  a  few  cells,  chiefly  pigmented  mononuclear  cells,  a  few  neutro- 
phil polyinorphonuclears,  and  a  few  erythrocytes.  The  epithelium  is  from  0.027 
to  0.05  mm.  high  and  forms  longitudinal  folds  from  0.12  to  0.18  mm.  high. 
The  portion  of  the  epithelium  nearest  the  lumen  is   made   up   of  long  ciliated 
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cells  among  which  are  numerous  goblet-like  cells.  The  deeper  portions  of 
the  epithelium  contain  numerous  small  round  cells.  The  other  layers  of  the 
wall  are  similar  to  those  of  the  smaller  bronchioles  except  that  the  muscle 
layer  forms  larger  bundles  and  the  cellular  infiltration  is  more  marked.  In 
the  outer  portion  of  the  walls  of  many  of  these  bronchioles  there  are  masses 
of  fibrous  tissue  from  0.21  to  0.50  mm.  in  thickness  surrounding  arteries  with 
irregularly  thickened  walls.  These  vessels  suggest  the  nodal  arrangement  of 
the  bronchial  arteries  of  guinea-pigs  that  have  succuml)ed  to  anaphylactic 
shock"  (Figs.  8,  9  and  10). 

The  lumina  of  the  small  bronchi  contain  only  a  small  amount  of  a 
granular  precipitate  similar  to  that  in  the  larger  bronchioles.  The  epithelium, 
which  is  similar  in  structure  to  that  in  the  larger  bronchioles,  is   from  0.09  to 


Fig.  8. — -Guinea-pig.  Fatal  horse  serum  anaphylaxis.  Artery.  Nodular  thick- 
ening of  muscle,  a  ^artery;  «/ :^  alveoli ;  /?  ^  bronchiole.  Magnification,  90 
diameters. 


0.12  mm.  high  and  is  thrown  into  folds  from  0.20  to  0.27  mm.  high.  The 
basement  membrane  is  thick  and  hyalin  in  appearance.  The  subepithelial  and 
muscular  layers  are  similar  to  those  in  the  bronchioles  but  are  markedly 
thicker.  The  mucous  glands  are  almost  completely  obliterated  by  infiltration 
of  small  mononuclear  cells,  only  a  few  atrophic  acini  remaining  in  most  of 
the  glands.     The  gland  ducts  are  small  and  their  walls  are  infiltrated  by  many 


22.  Schultz.  \V.  H.,  and  Jordan,  H.  E. :  A  Microscopic  Study  of  the 
Anaphylactic  Lung  of  the  Guinea-Pig  and  Mouse.  J.  Pharmacol.  &  Exper. 
Therap.  2:375,  1911. 
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small  monoiv.iclear  cells.  Throughout  the  tissues  studied  there  is  no  evidence 
of  new  ulcer  formation  in  the  epithelium  and  no  evidence  of  healed  ulcers 
except  possibly  localized  collections  of  small  round  cells  in  the  subepithelial 
layers   (Fig.  11 ). 

The  pulmonary  and  bronchial  arteries  and  veins  in  many  parts  of  the 
lungs  are  surrt)unded  by  varying  amounts  of  dense  fibrous  tissue  containing 
a  few  round  cells  and  ranging  in  thickness  from  0.15  to  0.5  mm.  The  media 
of  many  bronchial  arteries  is  irregularly  thickened  and  measures  0.18  mm.  in 
some  cases  with  a  diameter  of  0.45  mm.  The  walls  of  many  smaller  arteries 
contain  areas  of  calcification.  The  spleen  contains  a  large  number  of  poly- 
morphonuclear eosinophil  cells. 

The  cartilages  show  some  areas  of  calcification  and  one  cartilage  contains 
a  small  calcified  area  surrounding  typical  bone  marrow. 


Fig.  9. — Case  4.  Horse  asthma.  Fatal  horse  serum  anaphylaxis.  Artery 
and  bronchiole  surrounded  by  fibrous  tissue,  a  =  artery;  6;-  =  bronchiole  ;  m — 
muscle  \  f  tz^  fibrous  tissue.     Magnification,  60  diameters. 


Comment. — The  most  significant  pathologic  fin(hngs  in  this  case  are: 
(T)  Right  sided  adhesive  pleuritis.  (2)  Com])letely  consoHdated  areas 
of  pulmonary  tissue.  (3)  marked  cellular  infiltration  of  the  walls  of 
the  hronchi  and  bronchioles.  (4)  Moderate  thickening  of  muscle  tissue 
in  the  bronchi.  (3)  Atrophy  of  bronchial  mucous  glands.  (6)  Thick- 
ening of  the  walls  of  man}-  jjulmonary  and  bronchial  arteries.  (7)  Wide 
zone   of    fibrous    tissue    surrounding   many    ])ulmonary   and    bronchial 
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arteries.      (8)    Eosinophilic    infiltration    in   bronchial    wall   and    in   the 
spleen.      (9)    Calcification  and   ossification   of   bronchial  cartilages. 

The  history  of  head  colds  and  asthma  since  the  tenth  year  with  the 
subsequent  discovery  of  the  sensitiveness  to  horse  dander  leads  one  to 
believe  that  this  case  was  from  the  beginning  one  of  horse  asthma. 
The  adhesive  pleuritis,  the  areas  of  consolidated  lung  tissue,  and  the 
evidence  of  extensive  bronchial  infection  cannot  be  overlooked  and  the 
question  naturally  arises  whether  these  factors  are  the  result  of  the 
asthmatic  attacks  or  are  implicated  in  the  production  of  the  attacks. 


Fig.  10. — Case  4.  Horse  asthma.  Fatal  horse  serum  anaphylaxis.  Artery 
surrounded  by  fibrous  tissue  and  having  irregularly  thickened  walls,  a  =  artery; 
^/^  blood;  /f  ^fibrous  tissue.     ^lagnification,   100  diameters. 


Case  5. — Mr.  L.,  aged  32,  single,  American,  car  repairer. 

History. — Previous  illnesses  :  Measles,  whooping  cough  and  malaria.  From 
childhood  until  going  to  California  in  his  twentv'-fourth  year  he  suffered  from 
frequent  paroxysm.al  attacks  of  dyspnea.  After  a  free  period  of  seven  years 
in  California  he  returned  to  Chicago  six  months  before  death  and  suffered 
from  a  recurrence  of  the  attacks.  One  w-eek  before  death,  April  4,  1912,  he 
entered  the   Cook   County  Hospital  suffering   from  bronchopneumonia. 

Physical  Examination. — Slightly  built,  white  male.  Head  and  eyes  negative. 
Chest:     Supraclavicular  fossae  deep;  epigastric  angle  wide;  accessory  respira- 
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tory  muscles  used  during  respiration,  coarse  siliilant  rales  heard  posteriorly. 
Heart  and  abdomen  negative.  Urine  contains  erythrocytes.  Sputum,  no 
tubercle  -bacilli.  Blood  differential  count:  Neutrophils,  84  per  cent.;  large 
mononuclears,  8  per  cent. ;  small  mononuclears,  8  per  cent.  Temperature, 
102  F.  The  condition  of  the  patient  gradually  l)ecame  worse  and  death 
occurred  seven  davs  after  entrance.  Postmortem  examination  l)v  Dr.  H.  G. 
Wells. 

Nekropsv  Report:  Anatomic  Diagnosis. — Acute,  left,  serofibrinous  pleuritis  ; 
abscess  in  the  lower  lobe  of  the  left  lung;  pulmonary  emphysema;  fibrinous 
pneumonia  of  the  posterior  portion  of  the  left  upper  ]ol)e;  l)ronchopneumonia 
in  right  lung,  chronic  bronchitis ;  acute  mediastinal  lymphadenitis ;  slight 
hypertrophy  of  the  right  ventricle. 

Macroscopic  Examination. — External  appearance:  The  l)ody  is  that  of  a 
poorly  nourished  man;  height  160  cm.  The  chest  is  very  prominent  antero- 
posteriorly;  the  costal  cartilages  bulge  forward,  particularly  on  the  right  side, 
and  the  intercostal  spaces  are  considerably  increased  in  width.  The  diaphragm 
reaches  to  the  fifth  interspace  on  the  right  side;  to  the  sixth  rib  on  the  left 
side.  Thorax :  The  right  pleural  cavity  contains  no  fluid.  The  left  cavity, 
however,  contains  consideral)le  fluid  which  is  turbid,  blood  stained,  and  full 
of  fibrin.  The  serous  membrane  of  the  pericardium  is  smooth  and  shining, 
and  shows  no  evidences  of  inflammation.  Mouth :  The  pharynx  is  normal 
except  for  a  slight  edema  about  the  arytenoids.  Heart :  Contracted  and 
extremely  rigid.  Its  size  and  proportions  are  apparently  normal  except  for  a 
slight  hypertrophy  of  the  right  ventricle.  Its  weight  is  about  300  gm.  The 
walls  of  the  right  ventricle  are  very  muscular,  averaging  4  mm.  in  thickness. 
The  aortic,  pulmonic,  mitral  and  tricuspid  valves  all  appear  normal.  Neither 
the  aortic  ring  nor  the  thoracic  aorta  show  any  sclerosis.  Lungs  :  The  right 
lung  is  adherent  anteriorly  to  the  chest  wall  by  weak  fi'brous  adhesions,  while 
its  base  is  attached  by  firmer  adhesions  to  the  diaphragm.  The  lung  itself 
shows  no  tendency  to  collapse  and  on  being  placed  in  water  floats  high.  The 
substance  of  the  lung  itself  is  soft,  pale,  spongy  and  inelastic.  Palpation 
reveals  slight  nodular  and  irregular  hardenings.  The  pleura  shows  evidences 
of  hemorrhage.  The  cut  surface  appears  slightly  raised,  and  mottled  with  the 
irregular  hardened  areas  of  bronchial  pneumonia.  Posteriorly  this  lung  is 
full  of  fluid.  The  left  lung,  externally,  appears  light  in  color  much  as  if  it 
had  been  boiled.  Like  the  right  lung  it  does  not  collapse.  The  lower  lobe  is 
small,  due  to  the  compression  of  the  fluid  found  in  the  left  pleural  cavity,  and 
its  lower  portion  contains  much  fluid.  Its  cut  surface  reveals  prominent, 
thickened  bronchi,  and  in  one  place  a  small  abscess,  5x8  mm.,  which  lies  just 
beneath  the  pleura.  Over  this  abscess  the  fibrin  is  much  thicker  and  whiter 
than  elsewhere.  The  upper  lobe  presents  in  its  posterior  portion  a  diffuse 
consolidation  such  as  is  seen  in  very  wet,  early  pneumonia,  such  as  is  sec- 
ondary to  edema.  The  walls  of  the  bronchi  in  this  lobe  are  also  thickened. 
There  are  no  evidences  of  tuberculosis. 

Peribronchial  lymph  glands :  Are  enlarged  and  reddened  due  to  their 
proximity  to  the  adjacent  pleuritis.  None  caseous  or  calcified.  Liver:  Weight. 
1,400  gm.  The  cut  surface  shows  the  lobules  to  be  well  marked  and  slightly 
darker  at  their  periphery.  Spleen  :  The  spleen  is  of  normal  size,  pinkish  gray 
and  soft.  Gastro  intestinal  tract:  In  the  lower  portion  of  the  ileum  Peyer's 
patches    show    some    slight    pigmentation    such    as    frequently    follows    typhoid. 

Microscopic  Examination.—Spleen:  The  malphigian  corpuscles  are  small; 
increase  in  number  of  trabeculae ;  hyaline  changes  around  the  arteries.  Liver : 
Shows  slight  passive  hyperemia.  Heart  muscle:  Slight  increase  in  connective 
tissue.  Lungs :  There  is  an  increase  in  the  connective  tissue  around  the 
arteries  and  bronchi.  The  alveolae  are  filled  with  desquamated  cells  and 
fibrin  and  some  polymorphonuclears.  Some  of  the  alveolae  show  edema.  Some 
areas  show  beginning  abscesses.     The  mucous  glands   show  hyperplasia.     Kid- 
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ney :  There  is  fibrosis  of  some  of  the  glomeruli  with  round  cell  infiltration 
under  the  capsule.  There  are  some  albuminous  casts  in  the  tubules.  Lymph 
glands:  The  glands  show  a  great  deal  of  anthracosis,  some  hyperplasia  and 
some  eosinophils. 

Detailed  Histologic  Exaniiiiatioii. — A  systematic  study  of  the  lungs  of  this 
case  was  not  possible  as  only  portions  of  the  lungs  were  preserved.  Our 
findings  are  as  follows  :  The  pleura,  with  a  fairly  uniform  thickness  of  from 
0.075  to  0.15  mm.  contains  numerous  distended  capillaries,  scattered  small 
round  cells,  and  a  few  small  foci  of  round  cells.  The  lung  structure  are 
obliterated  in  patches  'by  pneumonic  foci  which  are  surrounded  by  alveoli 
containing  a  granular  precipitate  and  in  some  areas  extravasations  of  erythro- 


Fig.  11. — Case  4.  Fatal  horse  serum  anaphylaxis.  Small  bronchus.  Cross 
section.  Epithelium  swollen.  Subepithelial  layer  infiltrated  by  round  cells. 
Glands  small  and  infiltrated  by  round  cells.  /  =  lumen;  t"  ^  epithelium  ;  ;;t  *= 
muscle  ;  g  =  gland  ;  g  d  =  gland  duct ;  c  =  cartilage.    Magnification,  45  diameters. 


cytes.     The  alveolar  walls  in  the  areas  not  involved   in  the  pneumonic  process 
are  not  appreciably  changed. 

The  lumina  of  the  smaller  bronchioles  are  partially  occluded  by  fragments 
of  desquamated  epithelium,  polymorphonuclear  neutrophil  cells,  and  a  few 
erythrocytes.  The  single  layered  epithelium  is  partially  desquamated  and  the 
basement  membrane  is  indistinct.  The  subepithelial  layer  contains  numerous 
small  mononuclear  cells,  a  few  plasma  cells,  a  few  polymorphonuclear  neutro- 
phil cells  and  some  distended  capillaries.  The  muscle  bundles  are  small  and 
do   not   form   a   continuous   laver.     The   larger   bronchioles   are    similar   to   the 
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smaller,    except    that    all    layers    arc    proportionately    better    developed.      The 
elastic  and  fibrous  tissues  are  very  scanty  in  all  the  bronchioles. 

The  lumina  of  the  small  middle-sized  bronchi  contain  the  same  character 
of  material  as  that  found  in  the  bronchioles.  The  stratified  epithelium  is  almost 
completely  desquamated  and  the  basement  membrane  is  inconspicuous.  The 
subepithelial  layer  is  markedly  thickened  and  contains  many  small  mononuclear 
cells,  a  few  polymorphonuclear  neutrophil  cells,  occasional  polymorphonuclear 
eosinophil  cells,  numerous  distended  capillaries  and  small  bundles  of  elastic 
tissue.  The  smooth  muscle  layer  is  not  prominent  and  its  short  bundles  are 
separated  and  more  or  less  obscured  by  fibrous  tissue  and  invading  small 
mononuclear    cells.      The    cartilages    show    only    a    few    small    calcified    areas. 


^^".fc^-i*:^! ^y 


Fig.  12. — Case  5.  Asthma.  Bronchus.  Cross  section.  Subepithelial  layer 
markedly  infiltrated  by  round  cells.  Mucous  gland  infiltrated  and  containing 
hyperplastic  acinar  cells,  r  c  =:  round  cells  ;  g  =  gland  ;  c  =  cartilage.  Magnifi- 
cation, 60  diameters. 


Most  of  the  mucous  glands  are  small  their  acini  are  few  in  number,  markedly 
distorted  and  separated  by  a  cell  rich  tissue  containing  plasma  cells,  small 
mononuclear  cells,  a  few  polymorphonuclear  neutrophil  cells,  a  few  mono- 
nuclear eosinophil  cells,  and  a  type  of  cell  with  a  large  pale  nucleus  and  an 
abundant  homogenous  cytoplasm.  These  acini  may  form  small  compact  circular 
or  tubular  masses  of  cells,  or  they  may  form  larger  leaf  shaped  masses  sur- 
rounding varying  amounts  of  mucus.  The  acinar  cells  in  tliese  masses  are 
larger  than  normal  and  contain  large  pale  nuclei.  In  all  the  wall  layers  between 
the  gland  and  the  lumen  there  are  many  compact  collections  of  a  similar  type 
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of  cell,  the  shape  and  distribution  of  which  indicate  that  these  masses  are 
remnants  of  gland  ducts   (Fig.  12). 

The  bronchial  arteries  have  thickened  walls  involving  chiefly  the  media  and 
are  not  surrounded  by  increased  fibrous  tissue. 

The  nerves  are  not  appreciably  changed  and  are  not  surrounded  by  small 
round  cells. 

Comment. — The  most  significant  pathologic  findings  are:  (1)  Par- 
tial occlusion  of  the  luniina  of  bronchi  and  bronchioles  by  exudate. 
(2)  Infiltration  of  the  subepithelial  layer  of  bronchi  and  bronchioles 
by  small  round  cells  and  eosinophil  cells.  (3)  Infiltration  of  mucous 
glands  by  small  round  cells.  (4)  Hyperplastic  changes  in  acinar  cells 
of  bronchial  mucous  glands.     (5)  Slight  hypertrophy  of  the  right  heart. 

The  etiology  of  the  asthmatic  attacks  in  this  case  is  not  clear.  The 
history  of  attacks  since  early  childhood  with  a  free  period  following  a 
change  of  climate  and  then  a  recurrence,  could  be  interpreted  either  as 
sensitiveness  to  food  or  aniiual  proteins  or  to  infection  in  the  respiratory 
tract. 

Case  6. — History. — Infant  M.,  female,  aged  15  months.  Normal  delivery. 
Birth  weight  8M;  pounds.  Family  history  is  negative.  Breast  fed  for  three 
months  with  a  gain  in  weight  to  15  pounds,  but  because  of  a  facial  eczema  she 
was  put  on  artificial  feedings  by  the  family  physician.  At  the  eighth  month 
she  was  admitted  to  the  Children's  Memorial  Hospital  Dispensary  with  eczema 
and  weighing  11  pounds.  Under  dispensary  management  the  skin  condition 
improved  and  the  weight  increased.  At  the  age  of  12  months  she  was  brought 
into  the  Children's  Memorial  Hospital  suffering  from  a  pharyngitis,  accom- 
panied by  dyspnea  and  cyanosis  of  the  face. 

First  E.ramination. — Well  nourished.  Temperature  101.6  F. ;  pulse,  160. 
Head :  negative  except  for  reddening  of  both  ear  drums,  cyanosis  of  the 
lips  and  facial  eczema.  Neck,  marked  cervical  adenopathy.  Thorax :  bar- 
rel shaped,  markedly  emphysematous  and  hyperresonant ;  marked  expiratory 
stridor;  squeaky  rales  all  over  the  chest.  Abdomen:  distended  and  slightly 
tympanitic.  Genitalia  and  extremities  negative.  Small  doses  of  epinephrin 
and  atropin  gave  only  slight  relief.  The  dyspnea  and  stridor  gradually  sub- 
sided, but  the  eczema  persisted.  Pus  was  obtained  from  both  ears  after 
paracentesis.  Urticarial  lesions  appeared  on  the  abdomen,  back,  groin  and 
face  one-half  hour  after  a  feeding  of  farina,  and  sulisequent  cutaneous  protein 
sensitization  tests  revealed  a  marked  degree  of  sensitiveness  to  wheat  proteins 
and  to  whole  wheat  and  a  slight  degree  of  sensitiveness  to  cow's  milk  and  to 
lactalbumin.  The  reactions  to  orange,  egg  yolk,  egg  albumin,  beef,  mutton, 
navy  bean,  spinach,  carrot,  cocoa,  coffee,  rye,  oats  and  barley  were  negative. 
Wheat  protein  and  whole  wheat,  both  of  which  gave  definite  reactions,  were 
eliminated   from  the  diet  and  oatmeal   substituted  as  the  cereal. 

Course. — At  the  end  of  one  week,  the  patient  was  discharged  from  the  hos- 
pital with  verj'  little  bronchitis,  no  rales  in  the  chest,  and  much  less  of  the  facial 
skin  involvement.  Six  days  later  she  was  again  admitted  to  the  hospital  suf- 
fering from  an  asthmatic  attack  which  may  have  been  brought  on  by  the  inges- 
tion of  wheat  containing  food.  Four  days  later  the  patient  was  again  dis- 
charged from  the  hospital  with  very  little  bronchitis,  no  rales  in  the  chest  and 
no  eczema.  For  two  months  her  condition  improved,  wheat  containing  foods 
having  been  gradually  added  to  the  diet,  then  she  was  again  admitted  to  the 
hospital  suffering  from  a  cold  in  the  head  and  an  attack  of  asthma. 

Second  Examination. — Leukocytes,  7.950.  Hemoglobin  (Sahli),  96  per  cent. 
Respiration.    64.      .\    fairly    well-developed    and    nourished    female    child    with 
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respiratory  difficulty  and  markedly  cyanotic.  She  has  a  marked  respiratory 
wheeze  and  the  accessory  respiratory  muscles  are  used.  The  head  is  inclined  to 
be  square  shaped  and  is  held  in  a  retracted  position.  The  anterior  fontanel  is 
open  and  bulging  and  quite  tense.  Craniotabes  is  present.  Skin  of  the  cheeks 
is  rough.  Chest  is  inclined  to  be  barrel  shaped,  and  on  percussion  there  is  a 
hyperresonant  note  over  the  entire  chest.  The  heart  tones  are  hard  to  hear 
on  account  of  the  wheezing  noises  in  the  chest.  The  liver  is  two  fingers' 
breadth  below  the  costal  margin  in  the  mammary  line.  The  spleen  is  not  pal- 
pable. There  are  no  tumor  masses  in  the  abdomen.  The  knee  reflexes  are 
active.  The  use  of  cpinephrin,  atropin  and  benzyl  benzoate  afforded  only 
transient  relief  and  the  patient  died  about  thirty-two  hours  after  entering  the 
hospital.  The  postmortem  examination  was  made  a  few  hours  later  I)y  Dr. 
W.  G.  Hil)bs. 

Nkcropsy  Report:    (Only  the  most  important  findings  are  given.) 

Aiiatoiitic  D.iagnosis. — Huge  hypertrophic  emphysema  of  the  lungs.  "Barrel- 
shaped"  chest.  Downward  displaced  diaphragm  and  liver.  Hypertrophy  of 
the  right  ventricle  of  the  heart.  Slight  passive  hyperemia  of  the  liver,  kid- 
neys and  skin.  Hypertrophy  of  the  thymus,  cervical  and  mesenteric  lymph 
nodes,  the  spleen,  the  lymphoid  tissue  of  the  base  of  the  tongue  and  the  lymph 
nodes  of  the  ileum.  Narrowed  aorta  (congenital).  Fatty  changes  of  the  liver. 
Needle  puncture  wounds  of  the  upper  arms.  Suppurative  vaginitis  (gono- 
coccus).  Hyperemia  of  the  uterus  and  adnexa.  Eczema  (?)  of  the  skin  of 
the  face. 

Macroscopic  Examination. — This  is  the  body  of  a  white,  female  child  aliout 
15  months  old.  Only  the  front  teeth,  both  lower  and  upper,  are  present.  Body 
nourishment  is  fair.  The  chest  is  noticeably  "barrel-shaped."  The  lower  one 
third  of  the  sternum  is  raised  about  1  cm.  above  the  general  level  of  the  corpus 
sterni  as  the  body  lies  on  the  table.  The  abdominal  wall  in  front  is  slightly 
distended  and  rigid.  The  external  genitalia  and  anus  are  unchanged.  The 
skin  of  the  face  is  hard,  crusted  and  in  places  scaled  (eczema?).  The  con- 
tent of  cranium  is  not  examined  (permission  reftised).  Abdomen:  The  uterus 
and  its  appendages  are  markedly  hyperemic.  The  diaphragm  on  the  right  sid^ 
is  pushed  down  to  opposite  the  level  of  the  fifth  rib,  the  fifth  interspace  on 
the  left.  The  lower  level  of  the  liver  is  1  cm.  below  the  costal  arch.  The 
gallbladder  is  normally  free.  The  urinary  bladder  is  unchanged.  The  peri- 
toneum is  everywhere  smooth  and  shin}-.  Thorax:  The  costal  cartilages  are 
soft.  The  lungs  completely  fill  the  pleural  cavities.  The  lungs  are  free  of 
adhesion.  The  pleura  is  everywhere  smooth  and  shiny.  There  is  no  free 
fluid  in  the  pleural  sacs.  The  lungs  and  intact  trachea  from  l)clow  the  thyroid 
cartilage  are  removed  en  masse  (weight  1677.5  gm.),  and  put  into  10  per  cent, 
liquor  formaldehyd  for  later  detailed  study.  Heart:  the  pericardial  sac  con- 
tains about  3  c.c.  of  clear  fluid.  The  apex  of  the  heart  consists  of  right  and 
left  ventricles  and  in  front  the  right  ventricle  is  as  broad  as  the  left.  The 
pulmonary  artery  .contains  only  fluid  blood.  The  pulmonary  cusps  are 
unchanged,  as  are  the  tricuspid  leaflets.  The  right  ventricle  between  base 
and  apex  is  1.5  cm.  thick.  There  is  no  change  of  the  linings  of  the  carotid 
arteries,  the  inferior  vena  cava  and  the  aorta.  The  aorta  is  about  two  thirds 
the  usual  size  and  measures  12  mm.  in  greatest  diameter.  Lymphoid  tissue : 
The  deep  cervical  lymph  nodes  are  from  5  to  18  mm.  in  diameter.  They  are 
firm,  pale  yellow  and  generally  hyperplastic.  The  tonsils  and  the  lymph 
nodules  of  the  base  of  the  tongue  are  about  twice  the  normal  size.  Kidneys  : 
The  kidneys  together  weigh  62  gm.  The  cortical  striations  are  well  defined 
and  the  cortices  are  uniformly  from  3  to  5  mm.  thick.  They  are  grossly 
unchanged.  Weights  of  organs  :  Suprarenals  together,  5  gm. ;  thyroid,  2.5  gm. ; 
thymus,  15  gm. ;  spleen.  20.2  gm.;  pancreas,  7.5  gm. ;  liver,  293.5  gm. ;  heart, 
57.5  gm. 

Gross  Description. — The  lobes  of  both  lungs  are  distended  by  air  (Fig.  13), 
float  high  in  water,  and  are  soft  and  feathery  to  touch.     The  pleural   surfaces 
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everywhere  are  smooth  and  shining  and  are  grajish  in  color,  except  for  a  few 
scattered  brownish  slightl}'  depressed,  sharph-  defined,  nodule-like  areas 
measuring  about  0.5  cm.  in  diameter.  There  are  some  large  emphysematous 
bullae  in  the  apices  and  in  the  anterior  margins  of  both  lungs.  The  trachea 
and  the  main  bronchi  contain  a  small  amount  of  mucopurlent  tenacious  exudate 
and  their  epithelial  lining  is  reddened.  The  peritracheal  and  peribronchial 
lymph  glands  are  conspicuous  and  their  cut  surfaces  are  reddish  gray  in  color. 
The  cut  surfaces  of  all  lobes  of  both  lungs  are  dry,  grayish  red  in  color  and 
are  air  filled  except  for  the  above  described  nodule-like  areas  which  are  dis- 
tributed from  the  hilum  to  the  pleural  surface.  The  connective  tissue  septae 
throughout  the  lungs  are  conspicuous.  A  few  of  the  medium  sized  and  smaller 
bronchi  are  patent  but  most  are  almost  or  completely  occluded  by  a  grayish 
tenacious  exudate  and  their  walls  appear  thickened.  The  larger  blood  vessels 
especially  in  the  lower  lobes  of  both  lungs  are  distended  by  blood. 


Fig.    13. — Case   6.     Food   asthma.     Infant.     Lungs   showing    acute   emphysema. 


Microscopic  Description. — The  structure  of  the  different  lobes  of  both  lungs 
varies  so  little  that  a  separate  description  of  each  is  not  necessary.  The  pleura 
throughout  appears  normal  in  structure  and  variations  in  thickness  depend  on 
the  amount  of  air  in  the  underlying  tissue.  Numerous  connective  tissue  septa 
extending  into  the  lung  from  the  pleura  are  very  conspicuous  grossly  and 
microscopically  and  sharply  mark  off  definite  units  of  lung  tissue.  These 
septa  are  composed  of  fibrous  tissue  which  contains  a  few  distended  blood 
vessels  and  a  few  scattered  lymphoid  cells.  There  are  also  a  few  small  collec- 
tions of  lymphoid  cells  beneath  the  pleura.  The  apices  and  anterior  margins 
of  both  lungs  are  markedly  emphysematous,  the  alveoli  being  widely  distended 
and  their  walls  thin  and  in  places  ruptured.  The  alveoli  in  the  greater  part 
of  both  lungs  are  air  filled,  moderately  distended,  and  their  walls  of  normal 
structure  and  thickness.  The  bronchioles  and  their  finer  divisions  in  these 
portions  of  the  lungs  are  dilated  and  contain  a  more  or  less  mucinous  exudate 
in  which  there  are  varying  numbers  of  polymorphonuclear  neutrophil  cells  and 


HUBER-KOESSLER— BRONCHIAL    ASTHMA  Tii 

a  few  polymorphonuclear  eosinophil  cells.  The  epithelium  is  intact  and  is 
folded  in  only  the  contracted  bronchioles.  The  basement  membrane  is  not  con- 
spicuous. The  subepithelial  layer  is  relatively  thin  and  contains  only  a  few 
lymphoid  cells  and  an  occasional  polymorphonuclear  eosinophil  cell.  The 
muscle  layer  is  scanty  and  irregular  in  distribution.  The  other  connective 
tissue  layer  is  thin  and  contains  throughout  numerous  small  definite  lym])Iioid. 
nodules  with  distinct  germ  centers. 

The  remainder  of  the  lung  tissue  falls  into  two  distinct  groups  which  differ 
markedly  from  each  other  and  from  that  already  described.  One  of  these  is 
composed  of  definite  areas  from  0.5  to  1.5  cm.  in  diameter  which  are  sharply 
marked  off  I)y  septa  and  are  scattered  irregularly  throughout  both  lungs.  The 
alveoli  are  small  and  almost  completely  filled  by  a  fine  granular  precipitate 
containing  a  few  polymorphonuclear  neutrophil  cells  and  a  few  red  blood  cells. 
The  walls  of  these  alveoli  are  thickened  by  distended  capillaries.  The  bron- 
chioles and  their  divisions  are  occluded  by  a  mucous  exudate  containing  many 
polymorphonuclear  neutrophil  cells,  a  few  polymorphonuclear  eosinophil  cells 
and  a  few  epithelial  cells.  The  epithelium  of  the  bronchioles  is  slightly  thick- 
ened and  the  ciliated  border  is  fused  with  the  mucus  in  the  lumen.  The  sub- 
epithelial layer  is  thin  and  contains  a  few  round  cells.  The  muscle  layer  is 
scanty  and  irregular  in  distribution.  The  outer  connective  tissue  layer  is 
increased  in  amount  and  in  many  bronchioles  is  infiltrated  by  lymphoid  cells 
and  polynuclear  eosinophil  cells  which  in  some  are  grouped  about  blood 
vessels.  Distinct  lymph  nodules  are  prominent  in  the  walls  of  some  of  tlie 
bronchioles. 

The  other  group  of  well  defined  areas  are  more  scattered,  air  free,  some- 
what smaller  in  size  and  retain,  as  the  only  evidence  of  lung  tissue,  small 
contracted  bronchioles  whose  lumina  are  completely  occluded  by  a  mucous 
exudate  containing  a  few  polynuclear  neutrophile  cells  absorption  atel- 
ectasis (Plate  2,  D).  The  maior  portion  of  these  areas  consist  of  closely 
crowded  small  mononuclear  cells,  among  which  are  a  few  small  capillaries. 
fibrol)lasts.  large  mononuclear  cells  (endothelial  cells)  and  polymorphonuclear 
neutrophil  and  eosinophil  cells.  The  blood  vessels  are  small  and  are  sur- 
rounded by  an  abnormal   amount  of  fibrous  tissue. 

The  small  and  medium  sized  bronchi  in  all  parts  of  the  Ivmgs  vary  greatly 
in  appearance,  and  these  variations  seem  to  bear  no  definite  relation  to  the 
abnormal  lung  tissue.  Approximately  two  thirds  of  these  bronchi  are  almost, 
or  completely  occluded  by  a  mucous  exudate  (Plate  3,  A)  which  contains 
varying  numbers  of  polymorphonuclear  neutrophil  and  eosinophil  cells,  a  few 
desquamated  epithelial  cells,  but  no  fibrin  and  showing  in  longitudinal  sections 
distinct  layer  formation.  The  epithelium  is  intact,  thrown  into  shallow  folds 
and  contains  a  few  polymorphonuclear  eosinophil  cells.  The  outer  ciliated 
border  seems  to  fuse  with  the  content  of  the  lumina.  The  basement  mem- 
brane is  not  prominent.  The  subepithelial  layer  is  thin  and  contains  only 
a  few  lymphoid  cells  and  a  few  polymorphonuclear  eosinophil  cells.  The 
muscle  layer  is  thin  and  irregularly  distributed.  The  mucous  glands  are 
very  prominent,  their  acini  large  and  separated  from  each  other  by  a  loose 
connective  tissue  containing  only  a  few  lymphoid  cells  and  a  few  polymorpho- 
nuclear eosinophil  cells.  Outside  the  muscle  layer  the  collections  of  poly- 
morphonuclear eosinophil  cells  (Plate  3,  B  and  C)  usually  surrounding  moderately 
distended  blood  vessels,  make  a  striking  picture.  The  cartilages  are  of  nor- 
mal appearance.  The  outer  fibrous  tissue  layer  is  prominent.  The  blood 
vessels  are  distended  only  in  both  lower  lobes.  The  peribronchial  nerves  and 
nerve  sheaths  are  not  infiltrated  by  cells  and  are  unchanged.  The  lymph  nodes 
along  all  bronchi  are  very  numerous  and  prominent  and  contain  large  germ 
centers  with  scattered  cells,  and  their  sinuses  contain  a  few  polymorpho- 
nuclear eosinophil  cells.  The  remainder  of  the  small  and  medium  sized 
bronchi  are  widely  dilated  and  contain  small  amounts  of  mucous  exudate 
similar  to  that  described  above.  The  walls  are  similar  in  structure,  except 
that  they  are  thinner.     In   many   sections,  occluded   and  distended  bronchi  lie 
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side  by  side.  The  main  and  large  bronchi  contain  varying  amounts  of  mucus. 
Their  walls  except  for  the  normal  structural  differences,  are  similar  to  the 
walls  of  the  medium  sized  bronchi.  The  collection  of  polymorphonuclear 
eosinophil  cells  about  small  blood  vessels  between  the  muscle  layer  and  the 
cartilages  is  very  striking  throughout  the  whole  bronchial  tree.  The  peri- 
bronchial lymph  glands  are  numerous  and  very  large.  Their  sinuses  are  dis- 
tended and  the  germ  centers  prominent  and  all  glands  contain  many  eosino- 
phil cells.  A  slight  anthracosis  is  present.  The  thyroid,  parathyroid,  liver, 
pancreas,  suprarenals  and  kidneys  are  normal  in  structure.  The  sinuses  of 
the  spleen  are  filled  with  blood  and  the  splenic  pulp  contains  large  numbers 
of  polynuclear  eosinophil  cells.  The  cervical  and  mesenteric  lymph  glands 
are  large,  the  germ  centers  are  prominent  and  have  loosely  arranged  cells 
but  no  evidence  of  necrosis,  and  some  contain  many  distended  blood  vessels. 
All  lymph  glands  examined,  except  the  mesenteric,  contain  many  polymorpho- 
nuclear eosinophil  cells.  The  thymus  is  well  developed  and  the  cortical  portions 
contain  many  diffusely  scattered,  irregularly  shaped,  deeply  stained  cellular 
masses,  Hassall's  corpuscles.  The  cortical  and  medullar}^  portions  contain 
many  groups  of  mononuclear  eosinophil  cells   (Plate  3,  D). 

Comment. — The  chief  pathologic  findings  in  tliis  infant  may  be 
summarized  as  follows:  (1)  complete  occlusion  of  the  majority  of  the 
middle  sized  and  smaller  bronchi  by  mucus.  (2)  Two  distinct  stages 
in  the  formation  of  areas  which  are  interpreted  as  evidences  of  past 
asthmatic  attacks  (absorption  atelectasis).  (3)  Extreme  eosinophilia 
of  the  following  structures :  Bronchial  wall,  mucous  content  of 
bronchial  lumen,  mucous  glands,  spleen,  lymphoid  tissues  and  thymus. 
(4)  Thickening  of  the  walls  of  the  bronchi  and  blood  vessels.  (5)  Cell 
inclusions  in  the  thymus.  (6)  Hypertrophy  of  entire  lymphoid 
apparatus.  (7)  Narrowing  of  aortic  arch.  (8)  Enlargement  of  the 
thymus. 

The  last  three  statements  point  to  the  possibility  of  this  case  being 
one  of  status  lymphaticus.  although  the  characteristic  areas  of  necrosis 
in  the  lymph  glands,  which  have  been  emphasized,--'  are  absent.  The 
clinical  picture  also  is  not  characteristic. 

The  history  of  head  colds  and  bronchitis  preceding  severe  attacks  is 
a  point  of  interest.  The  history  of  eczema,  of  positive  cutaneous  tests 
for  wheat  proteins,  of  improvement  in  condition  following  the  use  of 
a  wheat  free  diet  and  the  lack  of  microscopic  evidence  of  former 
infections  in  the  subepithelial  layer  and  in  the  mucous  glands  place  this 
case  in  the  category  of  the  food  asthmas. 

MEASUREMENTS     OF     BRONCHI     AND     BRONCHIOLI 

Since  the  abnormal  inflation  of  the  lungs  .and  the  impairment  of 
respiration  in  asthma  are  undoubtedly  associated  with  a  narrowing  of 
the  lumina  of  the  bronchial  tubes,  it  is  in  order  to  ask  what  factors 
are  involved  in  the  production  of  this  stenosis.  Naturally,  the  atten- 
tion is  directed  toward  the  smooth  muscle  fiber  system,  which  acts  by 
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diminishing-  the  size  of  the  tuhe,  and  toward  the  exudative  system 
(i.  e.,  a,  mucous  epitheUum;  b,  glands,  and  c,  hlood  vessels  and  capil- 
laries) which  adds  to  the  stenosis  by  its  increase  in  size  and  in  secretory 
activity.  Both  these  systems,  of  course,  are  regulated  in  function  by 
the  nervous  system. 

If  the  bronchial  muscle  contracts,  certain  temporary  changes  in  the 
structure  of  the  walls  must  immediately  occur,  i.  e..  there  must  be  an 
increase  in  the  thickness  of  the  muscle  bimdles  and  in  the  height  of 
the  epithelial  folds.  The  question  arises  then  whether  repeated  spas- 
modic attacks  over  a  long  period  of  time  might  not  ultimately  cause  a 
true  hypertrophy  of  the  smooth  muscle  system  as  well  as  changes 
in  other  portions  of  the  tubes.  Previous  workers  noted  that  their 
cases  seemed  to  show  an  increase  in  the  thickness  of  the  bronchial  wall 


Outside    diameter  of  bronchus 


Cartilage 


Fig.  14. — Diagrammatic  view  of  the  cross  section  of  a  bronchus  to  show  the 
method  used  in  making  the  measurements  of  the  different  structures. 


but  to  our  knowledge  no  actual  proof  has  yet  been  given  for  the 
existence  of  such  a  change.  In  order  to  obtain  definite  evidence  on  this 
important  point,  we  have  made  a  comparison  of  the  measurements  of 
the  bronchial  strtictures  of  asthmatic  and  nonasthmatic  individuals. 

The  typical  transverse  sections  of  the  bronchi  and  bronchioli  on 
which  histologic  studies  were  made  were  measured  microscopically  with 
the  micrometer,  in  the  following  manner:  a  ^  mean  distance  between 
outer  borders,  Z?  =  mean  diameter  of  lumen,  r=  epithelial  layer  thick- 
ness, rf  =  basetrient  membrance  thickness,  ^  =  subepithelial  layer 
thickness,  /=  muscle  bundle  thickness,  and  (/  =  mucous  gland  diameter 
(Fig.  14).  The  classification  of  bronchi  as  to  size  is  based  on  the 
measurement  between   outer  borders  and   not   on  the  diameter  of   the 
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lumen,  as  is  usually  done.  This  method  gives,  we  believe,  especially 
in  all  cartilage-bearing  tubes,  a  better  basis  for  comparison  than  the 
usual  method.  The  measurement  of  the  lumen  takes  into  account  the 
slight  irregularities  due  to  the  shallow  longitudinal  epithelial  folds.  The 
epithelial  thickness  is  measured  from  the  attachment  of  the  cilia  to  the 
point  of  contact  with  the  basement  membrane.  The  basement  membrane 
thickness  is  measured  only  in  those  sections  in  which  its  borders  are 
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Fig.    15. — Graphs   showing   comparison   of  wall    thickness. 

distinct.  The  measurement  of  the  subepithelial  layer,  which  includes 
all  tissues  between  the  basement  membrane  and  the  muscle  layer,  also 
takes  into  account  the  longitudinal  epithelial  folds.  The  diameters  of  the 
muscle  bundles  and  of  the  mucous  glands  are  measured  at  right  angles 
to  the  tube  lumen.  All  measurements  are  made,  as  far  as  possible, 
in  the  tube  segment  with  most  uniform  structures,  otherwise  the  mean 
of  several  measurements  is  taken. 
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Thirteen  individuals,  six  asthmatic  and  seven  nnnasthinatic  con- 
stitute our  material  on  which  the  measurements  of  the  bronchial 
structures  were  made.  Some  important  data  concerning  them  are  given 
in  Table  1. 

TABLE   1.  —  Data    Regarding   Individuals  Whose   Bronchi  Were  Measured 


Sex 


Age 


Death  Due  to 


Chief  Complaint 


1.    H. 
■2.    G. 


Le 

4.  E.  L 

5.  L 

6.  Baby  A. 

7.  Gr 

8.  Br 

9.  A 

10.  X.  L 

11.  R 

12.  B 

13.  Baby  X. 


55  yrs. 
55  yrs. 
•19  yrs. 
•29(?)yrs. 
17  yrs. 
15  mos. 
70  yrs. 
62  yrs. 
50  yrs. 

27  yrs. 

28  yrs. 
25  yrs. 
15  mos. 


Suicide — drowning 

.Asthma 

Abscess  of  lung 

Acute  fatal  anaphyla.xis 

Acute  streptococcus  infection. .. 

Asthma 

Cardiac  decompensation 

Carcinoma  of  stomach 

Pneumonia  of  1.  lower  lobe 

Suicide,  jugulars  severed 

Suicide,  shot  through  heart 

Brain  abscess 

Enteritis 


-Asthma 

Asthma 

Asthma 

Asthma— horse 

Asthma 

Asthma 

Chronic  broneliitis 

Carcinoma 

Chronic  bronchitis 

Psychosis 

Psychosis 

Brain  abscess 

Enteritis 


Xumbers  7  and  9  are  omitted  from  all  graphs  because  of  the  questioned  diagnosis  of  early 
asthma.  Xumbers  6  and  1.3  are  also  omitted  from  all  graphs  because  of  the  youth  of  these 
patients,  however,  separate  graphs,  not  reproduced  here,  show  similar  increased  thickness  in 
the  tubes  of  the  asthmatic  child. 


The  measurements  obtained  from  these  subjects  are  given  in 
Tables  2  and  3. 

There  are  certain  unavoidable  apparent  sources  of  error  in  the 
figures  given  in  Tables  2  and  3  and  in  order  to  offset  these  the  largest 
number  of  measurements  possible  are  taken,  (jroupings  by  tube  size  is 
open  to  the  objection  that  more  measurements  may  be  made  near  one 
extreme  in  one  group  than  in  the  other,  but  our  figures  show  that  sucfi 
occurrences  influence  the  graphs  about  equally.  Because  of  the  marked 
variations  in  the  size  of  the  bronchi  at  the  same  distance  from  the 
bifurcation  of  the  trachea  in  different  persons,  the  criticism  that  the 
increase  in  wall-thickness  in  our  asthmatic  subjects  may  be  due  to  a 
uniform  contraction  of  all  tubes  cannot  be  answered  definitely.  The 
size  and  thickness  of'  the  bronchial  cartilaginous  plaques  vary  greatly, 
depending  somewhat  on  nearness  to  a  bifurcation,  so  that  measure- 
ment of  these  plaques  is  of  little  value  in  detemiining  location.  How- 
ever, the  longitudinal  folding  of  the  epithelial  layer,  which  may  be 
one  evidence  of  contraction,  shows  no  consistent  variation  in  the  two 
groups  of  cases.  It  will  be  noted  that  tubes  of  the  same  size  in  the 
same  individual  show  marked  variations  in  structures  but  these  are 
as  striking  in  one  group  as  in  the  other.  Differences  in  numbers  of 
measurements  obtainable  from  different  persons  are  unavoidable — the 
greatest  numbers  being  obtained  in  those  whose  lungs  furni.shed  the 
greatest  number  of  typical  sections.  The  number  of  typical  sections 
obtainable  from  each  indixidual  is  limited  Ijv  the  amount  of  lung  tissue 
originally  obtained  and  the  amount  of  tissue  uninfluenced  by  other 
jjathologic  conditions  such  as  pneumonia,  etc. 


TABLE  2. — Measurements  in  Millimeters  of  Bronchi 

AND    BrONCHIOLI.      AdULTS 

These  tables  are  arranged  so  that  the  outside  diameter  of  the  bronchial 
tubes  is  taken  as  the  fixed  standard  of  comparison.  The  dififerences  in  the 
size  of  structures  of  the  asthmatic  and  non-asthmatic  individuals  as  obtained 
from  these  measurements  are  demonstrated  graphically  in  Figures  15,  16  and  17. 
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Normal  L 

Normal 

0.22 

0.12 

0.C5 

0.013 

0.016 

0.010 

Xonnal  B 

Brain  abscess. 

0.28 

0.18 

0.05 

0.016 

0.013 

n.0'0 

Mr.  E.  L 

Asthma 

0.28 

0.18 

0.05 

0.025 

0.010 

0.016 

MissL 

Astlima 

0.30 

0.019 

0.016 

0.013 

Mr.G 

Astlnna 

0.32 

0.14 

0.09 

0.016 

0.03fi 

0.026 

Mr.  G 

Asthma 

0.33 

0.17 

0.08 

0016 

0.016 

0.023 

MissL 

Asthma 

0.35 

0.022 

0.016 

0.012 

Normal  L 

NorniMl 

0.36 

0.14 

0.11 

0.010 

!     0.007 

0.010 

Normal  L 

Normal 

0.36 

0.12 

0.12 

0.016 

0.033 

0.020 

Mr.  E.  L 

Asthma 

0.36 

0.12 

0.12 

0.039 

0.028 

0.O28 

Mr.  E.  L 

Asthma 

0.38 

0.14 

0.12 

0.023 

0.028 

0.021 

Normal  B 

Brain  abscess. 

0.40 

0.15 

0.125 

0.016 

0.016 

0.026 

Normal  B 

Brain  abscess. 

0.42 

0.10 

0.16 

0.016 

0.016 

0  010 

Mr.  B 

0.44 
0.48 

0.28 
0.15 

0.08 
0.165 

0.013 
0.020 

0.013 

1     0.033 

0.013 
0.050 

Mr.G 

Asthma 

Normal  B 

Carcinoma 

0.50 

0.21 

0.145 

0.013 

0.019 

0.013 

Normal  B 

Brain  abscess. 

0.50 

0.14 

0.18 

0  013 

0.010 

0.033 

Mr.  E.  L 

Asthma 

0.50 

0.14 

0.18 

0.036 

0.023 

0.050 

Mr.  E.L 

Asthma 

0.50 

0.26 

0.12 

0.033 

0.023 

0.019 

Mr.  Gr 

Bronchitis 

0.50 

0.22 

0.14 

0.013 

0.020 

0.033 

Normal  B 

Carcinoma — 

0.58 

0.25 

0.165 

0.016 

0.026 
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Normal  L 
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0.30 

0.145 

0029 
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Mr.  R 
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0.10 

0.185 
0.27 

0.013 
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Miss  L 
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1    0.023 

Mr.  R 
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0.67 
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0.22 
0.24 
0.30 
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0.215 

0.19 

6.0.33 
0.O25 

0.023 

0.026 

0.042 

0.019 
0.026 
0.025 

Mr.  R 

Normal  L 
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Mr.  R 
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0.70 

0.24 
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0.25 

0.033 

i    0.033 

0.042 

0.037 
0.016 

Mr.  Lc 

Asthma 

Mr.  B 

0.71 
0.71 
0.71 

0.30 
0.26 
0.31 

0.205 
0.225 
0.20 

0.021 
0.033 
0.013 

0.O23 
0.050 
0  033 

0.O26 
0.049 
0.033 

Mr.  R 

Mr.  B 

Mrs.  B 

Asthma 

0.71 

0.40 

0.155 

0.0066 

O.028 

0  014 

Normal  B 

Brain  abscess. 

0.80 

0.52 

0.14 

o.ois 

0.021 

0.021 

Normal  L 

Noniial 

0.80 

0.60 

0.10 

0.019 

0.016 

0.019 

Mrs.  B 

Asthma 

0.86 

O.fiO 

0.13 

0.0066 

0.014 

0  014 

Normal  L 

Normal 

0.87 

0.70 

0.085 

0.016 

0  016 

Normal  L 

Normal 

0.87 

0.48 

0.195 

0.016 

0.026 

0.019 

Mr.  R 

0.87 
0.88 

0.32 
0.66 

0.275 
0.11 

0.019 

0.0."0 
0.056 

0.039 
0.042 

Mr.  Gr 

Bronchitis 

Normal  L 

Normal 

0.91 

0.40 

0.255 

0.052 

0.042 

0042 

Mr.  G 

Asthma 

1.00 

0.62 

0.19 

0.040 

0.O26 

0.033 

Mrs.  B 

Asthma 

1.00 

0.70 

0.15 

0.010      ''    0.070 

0.100 

Mrs.  B 

Asthma 

1.00 

0.70 

0.15 

0.0066         0.028 

0.014 

Mr.  B 

1.00 

0.53 

0.235 

0.013 

0.0S6 

0.089 

Mr.  B 

1.10 

0.50 

0.30 

0.033 

0.033 

0.040 

Normal  B 

Brain  abscess. 

1.10 

0.64 

0.23 

;    0.026 

0.016 

Mr.  G 

Asthma 

1.12 

0.62 

0.25 

0O26 

1    0  033 

0.026 

Normal  B 

Brain  abscess. 

1.20 

0.?0 

0.20 

0.013 

0.084 

0.028 

Normal  B 

Brain  abscess. 

L20 

0.80 

0.20 

0.070 

0.O28 



Mr.  B 

1.28 

0.63 

0.325 

6.023 

0.C83 

0.050 

Normal  L 

Normal 

1.40 

0.86 

0.270 

0.025 

0.070 

0.019 

Mr.  G 

Asthma 

1.43 

0.60 

0.415 

0.033 

0.0066     i    0.040 

0.037 

6.17 

Mr.G 

Asthma 

1.60 

1.16 

0.22 

0.045 

0.056 

0.033 

0.18 

Normal  Br 

Carcinoma — 

1.68 

l.OO 

0.34 

0.023 

0.039 

0.050 

Miss  L 

Asthma 

1.80 

1.10 

0.35 

0.050 

0.050 

0.033 

Normal  Br 

Carcinoma 

1.80 

1.16 

0.32 

0.033 

0.033 

Mr.  A 

Bronchitis 

1.80 

0.92 

0.44 

0.056 

0.140 

6.150 

Normal  Br 

Carcinoma 

1.84 

1.16 

0.34 

O.033 

0.0:33 

Mrs.  B 

Asthma 

1.90 

1.50 

0.20 

0010 

0.015 

0.043 

Norma]  L 

Normal 

1.95 

1.25 

0.35 

0.056 

0.040 

0.46 

Normal  Br 

Carcinoma 

1.96 

1.27 

0.345 

0.033 

0.033 

Mrs.  B 

Asthma 

2.10 

0.62 

0.74 

6.616 

0.090 

0.110 

0.31 

Mr.  E.  L 

Asthma 

2.10 

0.92 

0.59 

0.060 

0.068 

0.150 

Mrs.  B 

Asthma 

2.20 
2.20 
2.20 

1.30 
1.60 
l.OO 

0.45 
0.30 

O.fiO 

0.033 
6.045 

0.012 

6."6666 

0.042 
0.053 
0.070 

0.042 
0.O26 
0.0"0 

0.30 

Mr.  R 

Normal  Br 

Carcinoma 

0.24 

Mr.  G 

Asthma 

2.28 

1.16 

0..56 

0.0  0 

O.0S4 

Mr.  A 

Bronchitis 

Bronchitis 

Asthma 

2.30 
2.40 
2.40 

1.10 
l.OO 

l.OO 

0.60 
0.70 
0.70 

■    6.6699    '     0.100 

0.140 
0.180 
0.100 

0.50 

Mr.  A 

0.120 

0.100 

0.28 

Mrs.  B 

0.58 

Mr.  G 

Asthma 

2.40 

1.00 

0.70 

0.0(!5 

0O56 

0.056 

0..-0 

HUBER-KOESSLER—BKOXCIIIAL     AST  f  I  MA 


739 


TABLE  2. — Mkasuremexts  ix   AIili.imeteks  ok   Bronchi 
Bronchioli.     Adults — (Continued) 


Base- 

Sub- 

Out- 

In- 

Wall 

Epithe- 

ment 

Epithe- 

Muscle 

Gland 

Name 

Diagnosis 

side 

Side 

Thick- 

lial 

Mem- 

lial 

Thick- 

Diam- 

Diam- 

Diam- 

ness 

Thick- 

brane 

Thick- 

ness 

eter 

eter 

eter 

ness 

Thick- 
ness 

ness 

Mr.  E.  L 

Asthma 

2.40 

1.10 

0.65 

0.066 

O.0O72 

0.056 

0.056 

0.26 

MissL 

Asthma 

2.50 

1.40 

0.55 

0.0&4 

0.0066 

0.026 

0.050 

0.29 

Mrs.  B 

Astliiiia 

2.60 

2.20 

0.20 

0.010 

0.043 

0.013 

Normal  L 

Normal 

2.70 

1.70 

0.50 

0.083 

0.ft-i2 

0.020 

MissL 

Asthma 

2.70 

1.60 

0.55 

0.084 

0.0066 

0.026 

o.or)6 

6.36 

Mr.  Le 

Asthma 

2.gO 

1.20 

0.80 

0.140 

0.126 

Mrs.  B 

Astlmia 

2.90 

1.80 

0.55 

0.012 

0.140 

0.086 

6.32 

Mrs.  B 

Asthma 

3.0O 

1..W 

0.75 

0.070 

0.070 

0.88 

Mr.  A 

Bronchitis 

3.0O 

1.46 

0.77 

0.0099 

0.070 

0.140 

0.72 

Mr.  Le 

Asthma 

3.00 

0.70 

1.15 

0.140 

0.180 

0.50 

Mr.  Le 

Astlima 

3.00 

0.70 

1.15 

0.180 

0.200 

0.36 

Mr.  K.  L 

A>tllItKl 

3.0O 

1.70 

0.65 

0.083 

0.0O72 

0.100 

0.110 

0.37 

Mrs.  B 

Astliina 

3.12 

1.72 

0.70 

0.100 

0.180 

0.86 

Mrs.  B 

Astlima 

3.20 

1.40 

0.90 

0.010 

0.070 

0.086 

0.48 

MissL 

Ai-tliina 

3.20 

1.84 

0.68 

0.058 

0.0072 

0.0.54 

0.066 

0.28 

Mr.  Gr 

Bronchitis 

3.33 

1.6S 

0.825 

0.070 

0.084 

0.34 

Mr.  Gr 

Bronchitis 

3.33 

1.74 

0.795 

0.045 

0.039 

0.29 

Mr.  G 

Asthma 

3.40 

1.80 

0.80 

0.0.5(i 

0.070 

Mr.  L 

Asthma 

Asthma 

Bronchitis 

Carcinoma  — 

3.40 
3.42 
3.50 
3..50 

1.30 
1.56 
1.40 
1.75 

1.05 
0.93 
1.05 

0  875 

0.078 

o.m 

0.050 

6.6666 

0.083 
0.110 
0.065 
0.040 

0.110 
O.KiO 
0.220 
0.0-0 

6.40 

Mrs.  B 

0.86 

Mr.  A 

0.14 

Normal  Br 

0.38 

Mr.  G 

Astlinia 

S.50 

1.94 

0.78 

0.056 

0.070 

0.140 

0.34 

Mrs.  B 

Asthma 

Normal 

S.fiO 
3.80 

1.80 
1.75 

0.90 
1.025 

6.04.5 

0.010 

0.100 
0.100 

0.100 
0.095 

0.90 

Normal  L 

0.30 

Mr.  R 

3.80 
4.0O 

2.60 
1.90 

0.60 
1.05 

0.050 

6.616" 

0.084 
0.100 

0.120 
0.180 

0.20 

Mrs.  B 

Asthma 

0.70 

Normal  L 

Normal 

4.00 

3.0O 

0..50 

0.033 

0.100 

0.042 

0.30 

Normal  L 

Normal 

4. CO 

3.0O 

0..50 

0.039 

0.033 

0.060 

0.32 

Normal  L 

Normal 

4.20 

2.28 

0.96 

0.110 

0  0«4 

0.44 

Mrs.  B 

Asthma 

Bronchitis 

4.20 
4.50 

1.80 

1.20 

0.056 

6.616 

0.170 
0.120 

0.200 
0.120 

0.70 

Mr.  Gr 

0.80 

Mr.  Gr 

Bronchitis 

4.50 

2.40 

1.05 

0.060 

6.66c6 

O.OSIO 

0.180 

0.60 

Mrs.  B 

Asthma 

4.64 

2.80 

0.92 

0.100 

0.140 

0.86 

Mrs.  B 

Asthma 

4.80 

2.24 

1.28 

0.100 

0.130 

?:?S 

Mrs.B 

Asthma 

4.80 

0.86 

1.97 

0.220 

0.200 

Normal  B 

Brain  abscess. 

5.00 

3.50 

0.75 

0096 

0.090 

0.30 

Normal  Br 

Carcinoma 

5.04 

3.14 

0.95 

6.042 

0.06(> 

0.072 

0.70 

Miss  L 

Asthma 

5.06 

2.50 

1.28 

0.063 

6.0066 

0.100 

0.140 

0.72 

Normal  L 

Normal 

5.10 

3.20 

0.95 

0.056 

0.115 

0.0S4 

0.32 

Mrs.B 

Asthma 

5.44 

1.92 

1.96 

0.260 

0.260 

1.00 

Mr.  Gr 

Bronchitis 

Asthma 

Bronchitis 

5.60 
5.76 
6.00 

2.54 
2.40 
3.50 

1.53 
1.68 
1.25 



6.0066 

0.200 
0.220 
0.120 

0.200 
0.180 
0.19) 

0.71 

Mrs.  B 

1.00 

Mr.  Gr 

l.CO 

Mr.  G 

Asthma 

Bronchitis 

Normal 

6.06 
6.40 
6.50 

4.06 
3.30 
5.00 

1.00 
1.55 
0.75 

0.071 
0.062 
O.05O 

0.0099 

0.120 
0.0.56 
0.100 

0.230 
0.110 
0.140 

0.72 

Mr.  Gr 

0.62 

Normal  L 

0.38 

Normal  L 

Normal 

6.50 

4.0O 

1.25 

0.036 

0.115 

0.056 

0.18 

Mrs.  B 

Asthma 

Asthma 

6.50 
7.0O 

2.70 
2.52 

1.95 
2.24 

0.052 

0.013 
0.010 

0.110 
0.210 

0.110 

0.180 

1.10 

Mrs.B 

1.10 

Miss  L 

Asthma 

7.15 

3.95 

1.60 

6.056 

0.0066 

0.130 

0.220 

0.33 

Mr.  G 

Asthma 

Asthma 

7.30 
7.50 

4.92 
3.0O 

1.19 
2.25 

0.050 
0.056 

6.6066 

0.1.57 
0.140 

0.140 
0.240 

0.60 

Miss  L 

1.00 

Mr.  Gr 

Bronchitis 

7.50 

4.20 

1.65 

0.056 

0.0066 

0.070 

0.180 

0.71 

Normal  B 

Brain  abscess. 

8.00 

5.50 

1.25 

0.112 

0.126 

0..58 

Normal  Br 

Carcinoma — 

8.0O 

5.0O 

1.50 

6.656 

6.0066 

0.110 

0.090 

0.30 

Mr  R        

8.40 
8.40 
8.50 

5.20 
5.72 
5.50 

1.60 
1.34 
l.ZO 

0.056 
0.056 
0.056 

0.0066 

6.'66€6 

0.042 
0.070 
0.070 

0.120 
0.120 
0.0&4 

0.50 

Mr.  R 

0.58 

Normal  B 

Brain  abscess. 

0.74 

Mrs.  B 

Asthma 

Asthma 

Bronchitis 

Asthma 

Brain  abscess. 

8.50 
8.50 
9.20 
9.00 
9..T0 

5.00 
5.00 
5.20 
4.50 
5.50 

1.75 
1.75 
2.50 
2.25 
2.00 

0.033 
0.050 

6.071 

0.010 

0.011 

O.0O66 

0.0099 

0.0066 

0.200 

0.10 

0.12 

0.120 

0.084 

0.200 
0.16O 
0.140 
0.090 
0.070 

1.20 

Mr.  G 

0.33 

Mr  Gr 

0.88 

Mr.  G 

0.72 

Normal  B 

0.58 

Mr.  A 

Bronchitis 

Asthma 

Normal 

10.00 
10.00 
11. OO 

6.50 
6.00 
6.,50 

1.75 
2-.00 
2.25 

o.'oeo 

0.056 

6.0699 
0.0066 

0.-2C0 
0.120 
0.120 

0.190 
9.240 
0.2.56 

0.88 

Mr.  G 

0.31 

Normal  L 

0.80 

Mr.  Gr 

Bronchitis 

ll.OO 

6.50 

2.25 

0.056 

0.0080 

0.070 

0.180 

0.71 

Mr.  Gr 

Bronchitis 

12.00 

6.0O 

3.00 

0.200 

0.250 

0.88 

Mr  A 

Bronchitis 

Bronchitis 

12.00 
12.00 

7.00 
6.50 

2.50 
2.75 

0.064 

b.om 

O.0O99 

0.200 

0.350 
0.140 

0.88 

Mr.  Gr 

1.20 

Miss  L 

Asthma 

12.00 

8.50 

1.75 

0.071 

0.0066 

6.022 

0.240 

0.72 
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TABLE  3. — Measurements  in   Millimeters  of  Bronchi  and 
Bronchioli.     Infants 


Name 


Diagnosis 


Infant  A.... 

..   Asthma 

Infant  X.... 

..    Knteritis 

Infant  X.... 

..    Knteritis 

Infant  A.... 

..   Asthma 

Infant  X.... 

..    Knteritis 

Infant  A.... 

..    Asthma 

Infant  X.... 

..    Knteritis 

Infant  A.... 

..   Asthma 

Infant  X.... 

..    Enteritis 

Infant  A.... 

..    Asthma 

Infant  A.... 

..1  Asthma 

Infant  N.... 

..!  Enteritis 

Infant  A.... 

. .'  Asthma 

Infant  X.... 

..    Enteritis 

Infant  X.... 

..    Knetritis 

Infant  A.... 

..    Asthma 

Infant  A.... 

..   Asthma 

Infant  A.... 

..   Astlnna 

Infant  A.... 

..    Asthma 

Infant  A.... 

..    Astlima 

Infant  X.... 

..    Knteritis 

Infant  X.... 

..    Knteritis 

Infant  A.... 

..    Asthma 

Infant  A.... 

..    Asthma 

Infant  X.... 

..    Knteritis 

Infant  A.... 

..    Astlima 

Infant  A.... 

. ..    Astlima 

Infant  A.... 

. ..    Asthma 

Infant  X.... 

. ..    Knteritis 

Infant  A — 

.  ..1  Asthma 

Infant  A.... 

. ..   Asthma 

Infant  A.... 

...   Asthma 

Infant  X.... 

. ..    Knteritis 

Out- 
side 
Diam- 
eter 


In- 
side 
Diam- 
eter 


0.18 

0.20 

0.38 

0.36 

0.46 

0.62 

0.50 

0.46 

0.86 

1.00 

0..50 

0.86 

0.88 

1.00 

1.00 

1.20 

1.00 

1.40 

1.10 

1.60 

1.56 

1.56 

1.3 

1.36 

1.54 

1.8 

1.4 

2.4 

3.5 

2.40 

2.50 

3.50 

4.50 


Wall 
Thick- 
ness 


0.10 
0.09 
0.06 
0.15 
0.13 
0.15 
0.22 
0.27 
0.18 
0.20 
0.45 
0.34 
0.36 
0.40 
0.40 
0.50 
0.60 
0.40 
0.65 
0.40 
0.42 
0.50 
0.65 
0.64 
0.57 
0.60 
l.OO 
1.05 
1.00 
1.60 
2.(H) 
2.0O 
1.50 


Base- 

Sub- 

Epithe- 

ment 

Epithe- 

lial 

Mem- 

lial 

Thick- 

brane 

Thick- 

ness 

Thick- 
ness 

ness 

Muscle 
Thick- 
ness 


0.016 
0.013 
0.016 
0.033 
0.026 


0.040 

o.'oso 


0.036 
0.050 


o.ceo 

0.050 


0.039 
0.042 
0.042 
0.033 
0033 
0.040 


0.029 
0.026 
0.013 
0.033 
0.046 
0.042 
0.036 


0.066 

o.ooee 
o.oom 
o.ooos 


O.0O7 

0.013 

0.070 

0.016 

0  019 

0.020 

0.016 

0  033 

0.028 

0.033 

0.033 

0.033 

0.025 

0.027 

0.066 

0.070 

0.070 

0.084 

0.10 

0.042 

0.056 

0.084 

0.084 

0.013 

0.046 

0.157 

0.140 

0.084 

0.142 

0.10 

0.070 

0.070 


0.007 

0.010 

0.010 

0.056 

0.013 

0.010 

0  017 

0.016 

0.017 

0.042 

0.016 

0.017 

0.020 

0.025 

0.020 

0.033 

0.024 

0.042 

0.042 

0.023 

0.023 

0.042 

0.042 

0.019 

0.013 

0.026 

0.042 

0.10 

0.146 

0.10 

0.056 

0.084 

0.120 


Gland 
Diam- 
eter 


0.20 
0.36 

6.22 
0.-20 
0.14 
0.28 
0.42 
0.36 
0.28 
0.42 
0.30 
0.70 
0.30 
0.72 
0.42 
0.58 
0.5S 


Figure  15  shows  graphically  the  differences  in  wall  thickness  in 
the  asthmatic  and  nonasthmatic  subjects.  Figures  16  and  17  show 
graphically  the  dift'erences  in  the  subepithelial  layer  and  the  muscle 
bundle  thickness  in  the  same  groups  of  subjects.  The  increase  in  the 
wall  thickness  in  asthmatics  is  accounted  for  only  in  part  by  the 
increased  size  of  the  subepithelial  layer  and  of  the  muscle  bundles. 
Measurements  show,  however,  that  the  mucous  glands  in  most  of  our 
asthmatic  subjects  are  considerably  enlarged,  and  as  this  gland  system 
is  present  inside,  outside  and  between  the  edges  of  the  cartilaginous 
plaques,  no  adequate  system  of  measurement  could  be  devised  to 
determine  the  actual  increase  due  to  gland  changes.  We  recognize  also 
the  change  produced  by  hyperemia  in  the  tissues  between  the  cartilages 
and  muscle  bundles,  but  this  change  is  difficult  to  determine  by  measure- 
ments because  of  the  influence  of  glandular  changes.  The  tubes  with 
an  outside  diameter  of  less  than  2  mm.  show  in  the  graphs  only  a 
slight  variation  in  thickness ;  the  asthmatic  group  showing  somewhat 
smaller  measurements  probably  due  to  the  influence  of  emphvsema. 
The  thickness  of  ei)ithelium.  sube]jithelial  layer  and  muscle  bundles  in 
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(lixisiuns  of  the  tubes  below  the  bronchioH  are  i)raetically  the  same  m 
the  two  groups. 

A  great  deal  of  caution  must  be  observed  in  the  interjjrelation  ot 
epithelial  fold  formation  as  evidence  of  al)normal  bronchial  contraction, 
as  deep  folds  are  frequently  found  postmortem  in  apparently  normal 
bronchi  and  bronchioli  nuicb  like  the  folding  of  the  intima  in  arteries. 
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Fig.  16.— Graphs  showing  comparison  of  suliepithelial  thickness. 

We  have  examined  ihe  bronchi  and  bronchioli  of  many  persons  who 
died  of  various  disorders  and  have  gained  the  impression  that  the 
epithelial  folding,  when  j^resent  in  asthmatics,  is  of  a  greater  degree 
than  that  found  in  nonasthmatic  (Cases  2  and  4).  The  amount  of 
variation  is  of  about  the  same  degree  as  that  found  in  the  normal  and 
in  the  anaphylactic  guinea-pig  lung.  Pictures  like  those  shown  in 
h'igures  18  and  19  are  not  usually  seen  in  the  lungs  of  normal  guinea- 
pigs  when  the  animal  is  killed  by  a  stroke  on  the  head.     It  is  just  such 


742 


ARCHIJ'ES     OF    IXTERXAL     MEDICIXE 


pictures,  in  addition  to  the  theraputic  (inhibitive)  effect  of  epinephrin 
and  atropin,  which  form  the  chief  evidence  for  the  bronchospastic 
origin  of  the  acute  emphysema  of  the  anaphylactic  shock  in  the  guinea- 
pig.  While  asthma  is  a  chronic  condition  and  is  frequently  accompanied 
by  varying  degrees  of  emphysema,  the  acute  paroxysmal  attack  is  the 
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Fig.    17. — Graphs    showing   comparison   of    muscle   thickness. 


main  characteristic  symptom  of  the  disease,  and  when  associated  with 
an  acute  stage  of  emphysema  it  forms  the  ecjuivalent  to  the  anaphylactic 
shock.  In  three  of  our  cases  (Cases  2,  3  and  4)  the  lumina  of  many 
small  bronchi  and  bronchioli  are  almost  occluded  by  folded  epithelium 
(Plate  2,  A  and  B;  Fig.  9).  The  marked  folding  of  the  epithelium 
in  our  other  cases  is  present  Init  i>  not  so  striking  as  in  the  three 
cases  cited. 


TABLE  4. — General  Summary  of  Clinical  Data  of  All  Cases. 


Case 

Reported 
by 

Date 

Age 

Sex 

Occupa- 
tion 

Dura 
tion 

Heredity 

Associated 
Disorders 

Cause  of 
Death 

1 

V.  Leyden 

1886 

40 

~?~ 

From 
child- 
hood 

Not  re- 
ported 

Died  during 
an  attack 

2 

Berkart 

1889 

37 

? 

14  yrs. 

Not  re- 
ported 

Died  during 
an  attack 

3 

E.  Schmidt 

1892 

49 

9 

Waitress 

2-3  wks. 

Not  re- 
ported 

Carcinoma  in 
mediastinum; 

articular 
rheumatism 

Died  during 
an  attack 

4 

A.  Fraenkcl 

1898 

63 

d" 

Carpenter 

9-10  mos. 

Not  re- 
ported 

Rheumati.sm; 
gout;  bron- 
chial catarrh 

(3  yrs.) 

Died  during 
an  attack 

5 

A.  Fraenkel 

1900     48 

d- 

Not  re- 
ported 

At  least 
20  mos. 

Not  re- 
ported 

Died  during 
an  attack 

6 

Jezierskl 

1905 

63 

d 

Gardener 

Probably 
about 
4  yrs. 

Father  had 
asthma 

Pneumonia 

Pneumonia 

7 

Jezierski 

1905 

46 

? 

Silk- 
weaver 

12  yrs. 

Not  re- 
ported 

Died  during 
an  attack 

8 

Ellis 

1908 

27 

d 

Coach- 
man 

At  least 
lyr. 

Not  re- 
ported 

Tachycardia 

Died  during 
an  attack 

9 

Monckeberg 

1909 

29 

d 

Mason 

3  yrs. 

Not  re- 
ported 

Pneiniionia 
at  12  and  18; 

psoriasis; 

anasarca 

Died  during 
an  attack 

10 

H.  Heizer 

1911 

2 

After  9th 
month 

Negative 

Eczema 

Died  during 
an  attack 

11 

Tichmencflf 

1913 

29 

9 

College 
student 

From 
child- 
hood 

Not  re- 
ported 

Croup;  nasal 
catarrh 

Duodenal 
liemorrhage 

12 

Marchand 

1915 

53 

9 

23  yrs. 

Mother  liad 
asthma  and 
broncliitis 

Bronchitis 

since  17th 

year 

Died  during 
an  attack 

13 

Marchand 

1915 

45 

9 

At  least 
lyr. 

Not  re- 
ported 

Died  during 
an  attack 

14 

Marchand 

1918 

48 

d 

Chemical 
worker 

2  yrs. 

Aunt  had 
asthma 

Died  during 
an  attack 

15 

Kamchorn 
and  Ellis 

1921 

52 

d 

Actor  and 
fish- 
monger 

From 
child- 
hood 

Father, 

father's 

mother,  1 

uncle,  1  aunt 

and  1  cliild 

had  astlima 

ne:irt      fail- 

ure 

16 

Huber  and 
Koessler 

1922 

55 

9 

Musician, 
housewife 

5  yrs. 

Negative 

Bronchitis 
and  coryza 

Suicide  by 
drowning 

17 

Huber  and 
Koessler 

1922 

55 

d 

Real 
estate 

6  yrs. 

Mother,  2 

sisters,  1 

brother  and 

1  child  had 

asthma 

Broncliitis 

Died  during 
an  attack 

18 

Huber  and 
Koessler 

1922 

17 

9 

From 
child- 
hood 

Negative 

Pericarditis 

and  periton- 
itis 

19 

Huber  and 
Koessler 

1922 

29 

cf 

Soldier 

19  yrs. 

Mother  liad 
asthma 

Head  colds 

Fatal  ana- 
pliylaxis 

20 

Huber  and 
Koessler 

1922 

32 

d 

Car- 
repairer 

From 
child- 
hood 

Negative 

Abscess      of 

lung;  pneu- 
monia 

21 

Huber  and 
Koessler 

1922 

15 
mo. 

9 

5  mos. 

Negative 

Ec/ema;    un- 
dernourished 

Died  during 
an  attack 

In  this  column,  d  indicates  male,  and   9   female. 
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ARCHIJ'ES     OF    IXTERXAL     MEDIC  IX  E 


The  increased  thickness  of  the  muscle  layer  of  the  bronchi  in  all 
of  the  cases  reported  is  apparent  from  our  measurements.  The  muscular 
tissue  is  well  developed,  not  only  in  the  middle  sized  and  small  bronchi 
but  even  in  the  Ijronchioli.  This  increase  in  the  size  of  the  smooth 
muscles  surrounding  the  bronchi  may  be  due  to  a  true  increase  in  the 
size  and  quantity  of  the  muscle  cells,  therefore  a  true  hypertrophy, 
or  it  may  be  due  to  an  increased  contraction  of  the  muscle.  Increased 
contraction  of  a  smooth  muscle  implies  with  few  exceptions  -^  increased 
muscular  tonus  and  the  increased  thickness  of  a  smooth  muscle  due 


Fig.  18. — Guinea-pig.  Fatal  horse  serum  anaphylaxis.  Large  bronchus.  Cross 
section.  Epithelium  deeply  folded  and  almost  obliterating  the  lumen.  Muscle 
layer  forms  a  distinct  layer.  There  are  no  glands.  /==  lumen;  r  ^  epithelium  ; 
;»  =  muscle  ;    r  =  cartilage  ;    a/ ^alveoli.      ^lagnification.   70   diameters. 


to  contraction  is  the  morphological  expression  of  hypertonus.  These 
factors — hypertonus,  repeated  contraction,  and  hypertrophy  are  closely 
and  functionally  related  and  probably  all  three  are  involved  in  the 
production  of  the  increased  thickness  of  the  muscle  tissue  in  the  bronchi 
of  the  asthmatic. 


24.  Bayliss:    General  Physiology,  p.  538. 
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The  deductions  which  are  i)erniissible  from  the  data  ()l)tained  by 
than  2  mm.  outside  diameter  is  greater  in  the  asthmatic  group.  (2) 
these  measurements  are:  (1)  The  wall  thickness  of  tubes  of  more 
This  difference  is  due  to  increased  thickness  of  the  stibepithelial  layer, 
of  the  muscle  bundles  and  of  the  tissues  outside  the  muscle  bundles. 

TISSUE     EOSINOI'IIILI.\     ]X      liROX  CHI  AL     ASTHMA 

(Jf  the  cellular  elements  found  in  the  bronchial  secretory  system 
and  its   product,   the   sputum,   the   most  interesting  are  the  eosinophil 


.  J^SIHa^Mr ^^^ -1^^.-.. -•--.. 


Fig.  19. — Guinea-pig.  Fatal  horse  serum  anaphjlaxis.  Bronchiole.  Cross 
section.  Lumen  obliterated  by  folded  epithelium,  c  =  epithelium  ;  ;;;  =  muscle  ; 
al  =  alveoli.     Magnification,  90  diameters. 


cells.  Their  numerical  increase  in  the  circulating  blood  and  their  pre- 
dominance in  the  sputum  during  the  attack  have  been  considered  for 
many  years  a  characteristic  clinical  symptom  of  asthma.  Since  the 
diagnostic  value  of  this  finding  has  been  questioned,  various  observers 
reporting  that  in  other  diseases  of  the  lungs  and  Ijronchi  an  increased 
number  of  eosinophils  is  present  in  the  s];utum,-''  we  wish  to  state  that 


25.  Von   Hoesslin,  H. :    Das   Sputum.  Berlin,   Springer,   1921,  pp.    114-120. 


TABLE  5 — General  Summary- 1  - 


Case 


Macroscopic  Description 


1  Marked      vesicular     emphysema: 

V.  Leyden        bronchial      mucosa       reddened: 
(1886)  small  bronchi  partially  occluded 

by  mucous  masses 


2  Right     apical     adhesions;     lungs 
Berkart  emphysematous;  masses  almost 

(1889)  occlude     right     main     bronchus 

and  one  branch  of  left:  smaller 
bronchi  dilated  and  partially 
occluded;  heart  dilated  an.l 
hypertrophic;  moderate  ascites 

3  Tumor    masses    in    left    side    of 
Schmidt  neck     and     extending     into     an- 

(1892)  terior   mediastinum    and    upper 

lobes    of   both    lungs;    bilateral 
I     apical  adhesions;   lungs  contain 
j    much  blood;  small  bronclii  con- 
tain masses  of  mucus 

4  Right     apical    adhesions;     lungs 
Fraenkel     |    emphysematous:  nodul.ir  hepat- 

(1898)  I  ization  in  lower  lobe;  bronchi 
contain  masses  which  can  be 
pulled  out  thread-like:  walls  of 
bronchi  thickened;  dilation  of 
right  and  left  ventricles 

5  Middle-sized    and    small    bronchi 
Fraenkel         occluded  by   screw-shaped   clots 

(1900) 


6  Bight    lung   pneumonic;    bronchi 

Jezierski         of  left   dilated;   mucosa  hyper- 
(1905)        I    emic 


7  Fluid    in    both    pleural    cavities; 

Jezierski         left  lung  emphysematous 
(1905) 


Lungs  emphysematous:  right  ad- 
Ellis  hesive    pleuritis;    many    bronchi 
(1908)  occluded     by    greenish     colored 
mucus 


Ascites;    anasarca;    bilateral    ad- 
Monckeberg      hesive      pleuritis;       mediastind 
(1909)  and  peribronchial  lymph  glands 

enlarged;  lungs  air-fllled;  walls 
of  bronchi  thickened;  lumen  of 
most  of  smaller  bronchi  oc- 
cluded by  mucus;  right  heart 
,    enlarged,  aorta  narrowed 

10  Lungs   distended:    many   bronchi 

H.  Heizer         almost     occluded     by      mucus; 
(1911)  right  ventricle  thickened 


11  I  500  ec.  fluid  in  left   pleural  cav- 

Tichmenefl       ity;      left      adhesive     pleuritis; 
(1913)  cavity  in  left  upper  lobe:  muco- 

pus    in    bronchi:    ulcer    in    duo- 
denum 


Content   of  Lumen  of  Bronchi 


12 

Marchand 

(1915) 


Lungs  emphysematous:  occlusion 
of  many  small  bronchi;  slight 
hypertrophy  of  right  heart 


Small  bronchi  partially  occluded; 
Mucus  adherent  to  epithelium 


Masses  composed  of  degenerating  Almost    all 
cylindrical       epithelium:       small  denuded;  one 
bronchi     contain     detritus     and  deep  ulcer  ex- 
fragments    of    Charcot-Leydcn's  tends  almost 
crystals                                                 I  to  cartilage 


Epithelium 


Basement 
Membrane 


Subepithelial 
Layer 


Many  bronchi  almost  occluded 
by  masses  containing  cells;  these 
masses  form  spirals 


Mucous  masses  contain  twisted 
threads,  and  epithelial  cells 
which  are  greatly  elongated;  no 
eosinophils 


Mucous  masses  completely  occlud- 
ing many  bronchi  and  made  up 
of  layers  containing  elongated 
epithelium   and  eosinophil   cells 

Middle-sized  and  small  bronchi 
of  left  partly  occluded  by  mucus 
containing  desquamated  epithe- 
lium, neutrophils,  eosinophils 
and  lymphocytes 

Small  bronchi  of  left  occluded  by 
mucous  plugs  containing  elon- 
gated epithelial  cells,  round 
cells,  eosinophil  cells 

Most  of  smaller  bronchi  occluded 
by  mucous  plugs  (ontaining 
some  degenerated  epithelial  cells, 
neutrophils  and  a  few  eosino- 
phils; mucous  plugs  show  spiral 
arrangement 

Small  bronchioles  empty;  larger 
bronchioles  occluded  by  mucous  , 
plugs  containing  desquamated 
epithelial  cells  and  round  cells; 
mucus  shows  spiral  arrange- 
ment; Charcot-Leyden's  crystals 
in  larger  bronchi 


Contains    leukocytes    and    epithe- 
lium 


Mucus  containing  round  cells  an 
leukocytes  in  many  bronchi 


Plugs  in  bronchi  composed  of 
epithelium,  round  cells  and 
crystals 


Well  retained 


High  grade 
desquama- 
tion 


Cells  in  small 

bronchi 

greatly 

elongated 

Fairly  re- 
tained and 
infiltrated 

by  round 
cells 

Mostly  intact 


Mostly  intact 
in     smaller 
bronchi;  des- 
quamated in 
larger 


Mostly  intact 


Interrupted 
by  accumu- 
lations of 
round  cells 

Hyalinizeti  in 
the  larger 
bronchi 


Hyalinized 
and  thick- 
ened in 
larger 
bronchi 


Much  dense  C.  T 

infiltrated  by 

round  cells 


Groups  of  leuko 
cytic  cells;  man; 
eosinophil  cells 


Infiltrated  by 
round  cells;  elast 
tissue  increased; 
many  engorged 

blood  vessels 

Contains  many 
round  cells 


Contains  many 

poly  nuclear  cells 

some  being 

eosinophil 

cells 


Infiltrated  by 
round  cells  and 
many  eosinophil 
cells;  contains 
diverticula-like 
protrusions  of 
epithelium 


Thickened  by  in- 
filtrating cells 
and  distended 
capillaries 

Thickened: 
marked  round 
cell  infil- 
tration 


Pathology  of  All  Cases 


Muscle 


osinopnil  cells 
tween  muscle 
bundles 


Marked  cellular 

infiltration; 

many  eosinophil 

cells  in  glands 


Contains  many 
round  cells 


Contains  many 
round  cells 


Not  changed 


Increased  in 
)bular  septae; 
increased  in 
bronchi  and 
larger  bron- 
chioles 


[ypertrophied; 

infiltrated  by 

round  cells 


Infiltrated  by 
round  cells 


Contains  many 
mononuclear 
cells,    some 
being  eosino- 
phil cells 


Large 


Greatly  enlarged 

and  filled  by 

mucus 


Enlarged:  in- 
filtrated by 
round  cells 


Contain  many 
round  cells 


Contains  many 

mononuclear 

and  polynu- 

clear  cells 


Bronchial  capil- 
laries markedly 
distended 


Many  new- 
formed  en- 
gorged blood 
vessels  in  walls 
of  bronchi 

Surrounded  in 

many  cases  by 

round  cells 


Vessels  in 

bronchial  well 

engorged  by 

blood 


Pulmonary 
artery  sclero- 
tic; pulmonary 
veins  thick- 
ened 


Distended 


Xer\'es 


Lymph 
Glands 


Phrenic 
nerve  eon- 
tains  degen- 
erating 
fibers 


Some  dilated; 
most  filled  by  a 
granular  mate- 
rial containing 
many  large  cells 

Emphysema- 
tous: some 
contain  a 
fibrinous        | 
exudate 


Some  dilated  and 
some  filled  by 
mucus;    no 
spirals;  broncho- 
pneumonic  areas 
about  some 
bronchi 

Some  dilated, 

some  contain 

blood 


Large  and 
pigmented 


Patchy  emphy- 
sema; alveoli 
contain  a  few 

eosinophil  cells 


No  change 


Many  distended; 
some  contain 
many  eosino- 
phil cells 


Some  occluded 
by  granular 
precipitate 


Numerous 
groups  of 
round  cells 
in  wall  of 
bronchi 

Bronchial 

glands 

anthr5- 

cotic 


Other 
Tissue 


Not  changed 


Prominent  lym- 
phoid nodules 
in  larger 
bronchi 


Some  distended        All  enlarged 


Some  contain 
leukocytes 


Distinct  nodes 

formed  in  walls 

of  middle-sized 

and  smaller 

bronchi 


1 

1 

I 

1 

TABLE  5 — General  Summaky- 

1 

Case 

Macroscopic  Description 

Content   of  Lumen  of  Bronchi 

Epithelium 

Basement 
Membrane 

■      1 
Subepithelial 
Layer 

13 

Marchand 

(1915) 

Pulmonary     emphysema;      some 
bronchi      almost     occluded     by 
exudate;       bronchial       mucosa 
swollen    and   reddish;    peribron- 
chial lymph  glands  enlarged 

Arranged  in  layers   and  contains 
many  polynuelear  leukocytes;    a 
part  contain  strands  of  fibrin 

Well  retained; 
a  few  gob- 
Jet  cells 

Thickened 

and  hyalin- 

ized 

Contains  manj  1 
eosinophil  cells 
some  lymphoic 
cells,  and  a  lew 
polynuelear 
leukocytes 

14 

Marchand 

(1918) 

Lungs  distended;  smaller  bronchi 
occluded    by    yellowish    masses: 
left  antrum  of   Highmore  filled 
by  secretion;  walls  of  right  and 
left  ventricle  thickened 

Mucous  masses  in  bronclii  contain 
leukocytes,      round      cells      and 
eosinophils;  mucus  forms  spirals 
in   smaller   bronchi 

Capillaries  en- 
gorged: infil- 
trated by  cells; 
many  eosino- 
phil  cells 

15 

Kamehorn 

and  Ellis 

(1921) 

Left  adhesive  pleuritis;   all  other 
serous    cavities    contain    fluid; 
left  lung  collapsed;  right  upper 
and     middle     lobes     distended; 
tenacious  mucus  in  middle-szJd 
bronchi;    hypertrophy    of   right 
ventricle 

Mucus     contains    epithelial     cells, 
leukocytes  and  a  few  eosinophil 
cells  and  is   arranged  in  spirals 

Mostly  des- 
quamated 

Capillaries  en- 
gorged: infil- 
trated by  mono 
nuclear  cells 

Ki 

Huber  and 

Koessler 

(193-2) 

Coroner's     inquest;     report     not 
available;       lungs       distended: 
most     bronchi,     except     larger, 
occluded  by  mucous  masses    . 

Mucous  masses  in  bronchi  contain 
desquamated    epithelium,    round 
cells,    neutrophil    and    eosinophil 
leukocytes;  mucus  in  layers  and 
twisted;    some    bronchioles    con- 
tain many  eosinophil  cells 

Partially 
desqua- 
mated 

Thick  and 

hyalin- 

ized 

Infiltrated  by 
many    round 
cells     and    a 
few  eosino- 
phil   cells 

17 

Huber  and 

Koessler 

(1922) 

Emphysema     of    lungs;     bronchi 
contain     a     small     amount     of 
mucus 

Mucus  in  small  bronchi  is  scanty 
and    contains    only    a    few    epi- 
thelial cells 

Mostly 
intact 

Xot    con- 
spicuous 

Not  uniformly 
thickened;  con- 
tains many  di- 
lated capil- 
laries 

IS 

Huber  and 

Koessler 

(1922) 

Peritonitis,  right  adhesive  pleur- 
itis, pericarditis;   small  amount 
of  mucus  in   smaller  bronchi 

Small  amoimt  of  mucus  contain- 
ing a   few  epithelial  cells  and   a 
few  eosinophils 

Mostly  intact; 

goblet  cells 

numerous  in 

large  bronchi 

Thick  and 

hyalin- 

ized 

Infiltrated  mod 
erately    by 
cells;  some 
eosinophils 

19 

Huber  and 

Koessler 

(1922) 

Right    fibrous    plemitis;    marked 
emphysema;      cut     surface     of 
lungs  dry 

Smaller  bronchi  contain   a  granu- 
lar precipitate 

Mostly  in- 
tact; many 
goblet  cells 

Thick  and 

hyalin- 

ized 

Cellular  in- 
filtration 
marked 

20 

Huber  and 

Koessler 

(1922) 

Abscess  of  left  lung;  pulmonary 
emphysema;       pneumonia       of 
right      lung;      bronchial     wall- 
thickened;  hypertrophy  of  right 
heart 

Contains  fragments  of  tpithcliuiu 
and  neutrophil  leukocytes 

Partially 
desqua- 
mated 

Indistinct 

Markedly  in- 
filtrated by 
mononuclear 
cells 

21 

Huber  and 

Koessler 

(1922) 

Moderate     emphysema     of    both 
•  lungs;    small    firm    nodules     in 
both  lungs;     some    bronchi    oc- 
cluded by  mucus;  lymph  glands 
large 

Contains     fragments     of     cpitlu- 
lium,   neutrophil    and    eosinophil 
cells 

Mostly    in- 
tact;  some 
goblet  cells 

Xot    con- 
spicuous 

Contains  a  few 
round  cells  and 
eosinophil  cells 

on  the  basis  of  the  examination  of  several  hunch'ed  patients  suttering 
from  true  bronchial  asthma  and  other  respiratory  disease  associated 
with  dyspnea,  we  can  say  that  the  coincidence  of  sputum  and  blood 
eosinophilia  in  the  same  individual  seems  to  be  a  pathognomonic  symp- 
tom of  the  asthmatic  state.  Exceptions  to  this  statement  are  pulmonary 
distomatosis  and  hydatid  disease. 

In  our  work  we  are  mainly  concerned  with  the  local  accumuiatioii 
of  eosinophil  cells  in  the  tissues  of  the  bronchi  a  localization  which  has 


Pathology  of  All  Cases — {Continued) 


Mucous 
Glands 


Fibrocartilag- 
inous Layer 


Blood 

Vessels 


issue  between 

Mi-ele  bundles 

[ontains  round 

pells  and  some 

eosinophil 
'         cells 

ilypertrophied 


No    change 


Thickened 


liikened:  forms 
.  'listinct  ring 
111  some  bron- 
chioles 


N"t  prominent 


Structure  altered 

by  round  cell 

infiltration 


Large  cells 
filled  by  mucus; 
gland  duct  epi- 
thelium contains 
many  goblet 
cells 

Enlarged 


Enlarged;  struc- 
ture altered  by 
many  foci  of 
round  cells; 
infiltrated  by 
eosinophil  cells 

Small;  contain 

many  foci  of 

round  cells  and 

areas  of  areolar 

tissue;  ducts 

form  distinct 

ampullae 

Large  and  con- 
taining many  foci 
of  round  cells; 
gland  ducts 
form  distinct 
ampullae 

Small  and  densely 

infiltrated  by 

round  cells 


Small;  ascini  sep- 
arated and  com- 
posed of  com- 
pact masses 
of  cells 


Eosinophil  cells    ;    Enlarged;    con- 
between  nniscle    ■      tain    foci    of 
bundles  round  cells  and 

eosinophil  cells 


Contains  many 

lymphoid 

cells 


Some  cartilages 
calcified 


No    change 


Ossified  car- 
tilages 


Calcified  and 
ossified  car- 
tilages 


Calcified  areas 
in  cartilages 


Many  eosinopliil 

cells  between 

eartilagfs  and 

muscle  layer 


Distended  and 

many  contain 

numerous 

polynuelear 

neutrophils 


Sclerotic 


No    change 


Walls  of  bron- 
chial arteries 
thickened 


Walls  of  bron- 
chial arteries 
moderately 
thickened 


Walls  of  bron- 
chial arteries 
markedly 
thickened 


Walls  of  bron- 
chial arteries 
thickened 


Walls  of  bron- 

eliial  arteries 
thick 


Nerves 


Lymph 
Glands 


Other 
Tissue 


No  changes 


No  changes 


No  changes 


No  change^; 


No  changes 


No  changes 


Vonie  areas 
completely 
consolidated 


No  change 


Irregular  in 
size 


Irregular  in 
size;  some 
contain  a 
granular 
precipi- 
tate 


Vary  in  size 


Patchy  oblitera 
tion  of  alveoli; 
these  areas  con- 
tain hyperplas- 
tic epitheliimi 

Obliterated  in 

patches    by 

pneumonic 

foci 


Some  areas  of 
absorption 
atelectasis 


Some  small 
lymph  nodules 
contain  a  few 
eosinophil  cells 


One  contains 
a  small 
tubercle 


Anthracotic 


Anthracotic      i  No  changes 


No  changes 


No  changes 


No  changes 


Contain  eosino- 
phil cells 


No  changes 


Spleen  eon- 
tains  many 
eosinophil 
cells 


No  changes 


Spleen  and 
thymus  con- 
tain many 
eosinophil 
cells 


been  previously  obserxed  l)y  others.  This  tissue  eosin()])hih;i  is  a 
phenomenon  of  far-reaching  bearing,  which  it  seems  to  us,  if  completely 
understood,  would  undoubtedly  greatly  elucidate  the  pathogenesis 
of  asthma. 

In  the  normal  adult  the  bone  marrow  is  the  chief  |)lace  of  formation 
of  the  eosinophil  cells  (  Ehrlich ) .  This  conception  is  substantiated  by 
the  frequency  with  which  mitotic  cell  divisions  of  these  cells  are  found 
in   this    locality.      Additional    e\idence    is    furnished    liv    the    increased 
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number  of  these  cells  in  the  bone  marrow  in  cases  of  high  blood 
eosinophilia.'*^ 

From  this  viewpoint  any  increase  of  the  eosinophils  in  the  circulating 
blood  and  in  the  tissues  is  to  be  considered  as  a  (protective?)  reaction 
of  the  leukopoietic  centers  of  the  bone  marrow  to  the  stimulus  of  an 
unknown  toxic  substance.  In  bronchial  asthma  this  eosinophilotactic 
substance  is  either  actually  formed  in  the  tissues  of  the  respiratory 
system  or  it  has,  wherever  formed  in  the  organism  or  wherever  intro- 
duced to  it  from  without,  an  elective  affinity  for  this  system.  Such  an 
elective  organ  localization  of  chemical  substances  is  not  to  be  considered 
as  a  special  postulate  for  this  problem  but  constitutes  the  basis  of  most 
pharmacodynamic  actions. 

There  are,  however,  many  histologists  who  consider  the  local  eosino- 
philia  in  the  bronchi  as  a  true  primary  autochthonous  tissue  eosinophilia. 
They  believe  that  the  eosinophil  cells  are  formed  in  the  bronchial  tissue 
through  myelocytic  metaplasia  from  the  perivascular  connective  tissue 
cells  over  the  "lymphocyte."  The  secondary  blood  eosinophilia  may  be 
due,  then,  to  the  passage  of  the  eosinophil  cells  from  the  Ijronchial 
tissues  through  the  bronchial  capillaries  into  the  general  circulation, 
or  it  may  be  due  to  a  simultaneous  stimulation  of  both  the  pulmonic 
perivascular  tissues  and  the  bone  marrow.  The  faculty  of  forming  new 
myelocytic  cells  in  the  adult  organism  we  usually  concede  only  to  those 
organs  which  in  the  development  of  the  embryo  possess  the  property  of 
leukopoiesis,  i.  e.,  the  bone  marrow,  liver,  spleen,  lymph  glands,  kidneys 
and  thymus.  In  certain  pathologic  conditions  fe.  g..  leukemia),  and 
others  associated  with  severe  infections  and  toxemias  (e.  g.,  congenital 
syphilis)  the  remnant  foci  of  the  embryonic  leukopoiesis  in  these  organs 
are  stimulated  to  proliferation  and  renewed  activity  in  the  direction  of 
their  original  function.  The  difficulty  that  stich  preexisting  myeloid 
tissue  is  not  known  in  the  bronchial  mucosa  and  submucosa  is  removed 
by  the  assumption  that  all  perivascular  adventitial  connective  tissue  is  a 
l.itent  hematopoietic  and  leukoblastic  organ.  This  conception,  based  on 
the  early  studies  of  \'irchow  and  later  studies  of  Marchand  on  the 
cellular  products  of  inflammation  and  on  the  perivascular  lymphoma 
formation  of  Ribbert,  has  been  especially  adopted  by  Pappenheim, 
Weidenreich  and  by  G.  Schwarz. 

As  far  as  the  bronchial  mucosa  in  asthma  is  concerned,  the  idea  of 
the  autochthonous  local  eosinophilia  is  mainly  based  (1)  on  the  occur- 
rence of  mononuclear  eosinophil  cells  in  the  sputum  and  the  bronchial 
tissue;  (2)  on  the  complete  absence  of  such  unicellular  elements  in  the 
circulating  blood,  and   (3)   on  the  enormous  number  of  the  eosinophil 
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cells,  polymorphonuclear  as  well  as  mononuclear,  in  the  tissue,  far  too 
many,  as  is  argued,  to  have  been  accumulated  from  the  blood  even  if 
it  showed  a  considerable  eosinophilia. 

The  last  quantitative  argument  might  be  first  considered.  It  is  well 
known  that  a  very  marked  local  tissue  eosinophilia  does  frequently 
exist  without  eosinophilia  of  tlie  blood.  Tliis  is  very  often  to  be 
observed,  for  instance,  in  the  periphery  of  malignant  tumors,  and 
then — a  rarer  incidence — in  the  pleura  and  exudate  of  eosinophilic 
pleuritis.  It  is  just  this  discrepancy  of  the  normal  amouni  of  eosino- 
phils in  the  blood  and  of  their  abundance  in  the  tissue  which  is  taken 
as  one  proof  for  their  local  genesis.  But  it  could  be  shown  by  a  simple 
calculation  that  in  bronchial  asthma  enough  eosinophil  cells  can  be 
removed  from  blood  with  a  normal  content  of  these  cells  to  accovmt 
even  for  their  most  extensive  accumulation  in  the  respiratory  tissue. 
Thus  Heineke  and  Deutschmann  -'  observed  during  an  asthmatic  attack 
a  decrease  of  the  eosinophilic  polymorphonuclear  cells  in  the  Ijlood  from 
2.1  to  0.4  per  cent.  Calculated  for  1  liter  of  blood,  this  means  thai 
126,000,000  eosinophil  cells  have  disappeared  from  the  circulation  and 
could  have  accumulated  by  chemotactic  emigration  in  the  tissues.  J.  G. 
Taylor,  in  his  studies  in  leukemia,  has  made  a  similar  calculation.-*^ 

What  now  regarding  the  occurrence  of  mononuclear  eosinoi)hilic 
cells  ("myelocytes")  in  the  tissues  of  the  asthmatic  patient? 

Our  material  furnished  us  an  unusual  opportunity  for  studying 
this  special  phase  of  the  question.  The  tissue  eosinophilia  was  very 
marked  in  the  first  case,  bacterial  asthma  (asthmatic  Ijronchitis),  in  the 
fourth  case,  anaphylactic  horse  serum  asthma,  and  excessively  so  in 
the  sixth  case — food  asthma  in  an  infant.  The  accumulation  of 
eosinophil  cells  in  the  wall  of  and  in  the  tissues  about  some  of  tlie 
bronchial  capillaries  is  very  striking  but  in  the  same  section  of  the 
same  bronchus  the  walls  of  and  the  tissues  about  many  capillaries  are 
free  of  eosinophil  cells.  Again,  the  location  of  the  eosinoi:)hil  cells 
varied  greatly ;  in  Case  6  they  were  most  numerous  between  the  muscle 
tissue  and  the  cartilages,  while  in  the  otlier  cases  they  were  most 
numerous  in  the  subepithelial  layer.  In  some  cases  (Cases  1  and  6) 
the  mucous  glands  contain  many  of  these  cells.  In  the  wall  of  a  blood 
filled  bronchial  vein  (Case  6),  which  lies  between  a  cartilage  plaque  and 
a  muscle  bundle,  there  are  three  migrating  eosinophil  cells,  each  of 
which  lies  between  adjoining  endothelial  lining  cells  and  partly  inside 
the  vessel.  Immediately  surrounding  the  vessel  there  are  many  poly- 
morphonuclear  eosino])hil  cells  and   a    few   small   round   cells.      Man\- 
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752  ARCHIJ'ES     OF    IXTERXAL     MEDICI  XE 

similar  pictures  are  seen  on  further  careful  study  of  these  tissues.  The 
sinuses  of  the  bronchial  lymph  glands  (Case  6)  contain  many  poly- 
morphonuclear eosinophil  cells  but  the  sinuses  of  the  mesenteric  lymph 
glands  contain  only  an  occasional  eosinophil  cell.  The  spleen  (Cases  4 
and  6)  shows  very  many  eosinophil  cells,  almost  all  of  which  are 
polymorphonuclear. 

Most  of  the  eosinophil  cells  are  polymorphonuclear  cells  with 
usually  two  or  three  nuclear  fragments.  On  closer  focusing  and  study, 
fine  chromatin  threads  can  be  seen  which  connect  the  parts  of  the 
nucleus  with  each  other.  There  are  many  cells  which  on  first  inspection 
give  one  the  impression  of  possessing  a  single  nucleus,  but  most  of 
these,  when  studied  in  different  planes  of  depth,  with  powerful  magnifi- 
cation, are  seen  to  have  nuclei  with  two  or  three  fragments.  There 
remain,  however,  a  few  eosinophil  mononuclear  cells,  whose  nucleus 
cannot  be  separated  by  the  eye  in  such  a  manner  (Plate  3.  C).  These 
mononuclear  eosinophilic  cells  are  plainly  not  larger  than  the  poly- 
morphonuclear elements  and  are  of  the  same  type.  Their  nucleus  is 
small,  opaque,  more  deeply  stained  than  in  the  polymorphonuclear  cells 
immediately  surrounding  them,  and  its  chromatin  is  ver}-  homogenous 
and  pyknotic.  The  protoplasm  surrounding  this  deeplv  stained  nucleus 
is  completely  filled  with  acidophilic  granules  and  no  cells  were  observed 
where  a  transformation  of  granulopoiesis  was  suggested  by  a  slightly 
basophilic  stained  protoplasm  containing  only  a  few  eosinophilic  gran- 
ules. We  could  find  no  cells,  however  carefully  we  searched  our  prepara- 
tions, which  suggested  a  mixture  of  basophilic  granulations  with  the 
eosinophihc  as  is  found  frequently  in  young  alpha  myelocytes.  There 
was  nothing  to  suggest  transitional  or  intermediate  stages  between  the 
many  "lymphocytes"  ( "myeloic  lymphoidoc\1:es")  and  acidophilic  cells. 
Xor  were  we  successful  in  demonstrating  any  eosinophilic  cells  which 
showed  evidence  of  mitotic  division.  There  were  no  immature 
embryonic  cell  forms  such  as  erythroblasts.  promyelocytes  or  meta 
myelocytes  or  megakaryocytes.  C)ne  would  expect  to  find  some  of  these 
cells  if  true  myeloic  metapla>ia  was  taking  ])lace. 

On  the  basis  of  these  studies  we  reach  the  conclusion  that  these 
mononuclear  eosinophil  cells  are  not  alpha  myelocytes  but  degenerative 
forms  of  polymorijhonuclear  eosinophil  cells  whose  nuclear  substance 
has  undergone  a  regressive  metamorphosis.  This  conclusion  became 
most  suggestive  when  we  studied  the  thymus  in  Case  6.  Here  we  were 
able  to  find  many  large  mononuclear  eosinophilic  cells  with  a  loose 
structured,  more  pale  nucleus,  encircled  by  a  wide  protoplasm  containing 
abundant  eosinophilic  granulations  of  varying  size.  i.  e..  true  eosino- 
philic myelocytes.     The  presence  of   such  cells  in   the   thymus,   of   a 


HUBER-KOESSLER—BROXCFIIAL    ASTHMA  753 

2-year-olcl  child  is  a  normal  occurrence.'-''  Autochthonous  tissue 
eosinophilia  in  the  thymus  can  he  accepted  as  proved,  for  this  organ 
contains  active  myeloid  tissue  and  is,  therefore,  capahle  of  metaplastic 
activation.  Mitotic  cell  divisions,  erythrohlasts,  eosinophilic  as  well  as 
neutrophilic  myelocytes  have  repeatedly  heen  descrihed  in  this  organ. 

Whether  the  mononuclear  eosinophilic  cells  in  the  hronchial  mucosa, 
as  Schwarz  •■"  and  also  Marchand  helieve,  are  derived  from  the  hinuclear 
polymorphonuclear  cells  through  amitotic  direct  cell  division  is  im])Os- 
sible  to  decide. 

(  )ur  studies,  therefore,  contain  little  evidence  which  would  prompt 
us  to  abandon  the  view  that  the  local  tissue  eosinophilia  in  the  bronchial 
structure  is  due  to  emigration  of  alpha  granulocytes  from  the  blood  in 
favor  of  the  theor}^  of  their  autochthonous  ontogenesis  from  the  peri- 
vascular tissue  and  transformation  of  the  histogenous  lymphocytes. 
The  chemotactic  toxin,  fixed  (or  formed?)  by  the  tissue  of  the  bronchi. 
exerts  simultaneously  a  stimulus  upon  the  l)one  marrow  in  the  direction 
of  increased  new  formation  of  eosinophilic  cells  which  through,  the 
way  of  the  blood  reach  the  bronchial  tisstie.  The  question  of  the  nature 
of  this  eosinoplastic  and  eosinotactic  toxin  is  closely  allied  with  the 
physiologic  and  pathologic  significance  of  the  eosinophilic  cells  in 
general.  Ehrlich  •'•'  suggested  nearly  twenty-fve  years  ago  that  eosino- 
phils seem  to  a]:)pear  especialh-  in  stich  places  in  the  organism  at  which 
many  cells  are  destroyed,  especially  cells  of  epithelial  type  (e.  g.,  in 
carcinomatous  tissue).  There  can  be  little  doubt  that  certain  relations 
exist  between  proteolytic  digestive  processes  in  the  tissues  and  organs 
and  the  accumulation  of  alpha  cells.  Eosinophilia  appears  to  be  a 
response,  a  reaction  to  a  .stimulus  produced  by  certain  substances  derived 
from  the  catabolism  of  proteins.  It  has  been  shown  that  the  eosinophils 
increase  markedly  in  the  tissues  of  the  intestinal  tract  during  the  process 
of  digestion,  but  disappear  completely  in  animals  that  have  l)een 
starved.-'- 

Neus.ser  held  that  eosinophilia  is  produced  in  response  to  the 
increased  activity  of  glands  supplied  by  the  sympathetic  nervous  sy.stem. 
Eppinger  and  Falta,'^''  and  their  co-workers,  on  the  other  hand,  see  in 


29.  Schaffer,  J.:  Ue1)er  das  \'orkommcn  voii  eosiiioijliilen  Zellen  in  der 
menschlichen  Thymus.  Zentralhl.  f.  med.  Wissensch.,  1891,  401-417.  Dudgeon. 
L.  S. :  A  Contribuion  to  the  Pathology  of  the  Thymus  Gland,  J.  Pathol.  & 
Bacteriol.  10:173,  1905.  Fortescue-Brickdalc.  T.  M. :  Olxservations  on  the 
Thymus  Gland  in   Children.  Lancet  2:1029,  1905. 

30.  Schwarz.  E. :  Die  Lehre  von  der  allgemeinen  und  (irtlichen  Eosinophilic, 
Lubarsch  und  Ostertag  Ergebn.  d.  allg.  Path.  17:    1913. 

31.  Ehrlich,  P. -Lazarus :  Die  Anaemic,  Nothnagel's  spec.  Pathol.,  I-'d.  1, 
1898,  p.  113. 

32.  Opie :  Loc.  cit. 

33.  Bertelli,  Falta  and  Schwerger  :  Ztschr.  f.  klin.  Med.  71:  1907.  Eppinger. 
H..  and  Hess.  L. :    Die  Vagotonic.  Berlin,  1910,  p.  60. 


754  ARCHIl'ES     OF    IXTERXAL     MEDICIXE 

eosinophilia  a  symptom  of  increased  vagus  tonus.  They  attempted  to 
show  that  substances  Hke  pilocarpin,  pituitary  extract  and  nitrites, 
which  increase  the  tonus  of  the  autonomous  nerves,  produce  an  experi- 
mental eosinophiha.^*  Their  work,  however,  could  not  be  corroborated 
by  Schwenker  and  Schlecht. 

The  whole  problem  of  blood  and  tissue  eosinophilia.  in  general,  but 
especially  in  relation  to  bronchial  asthma,  reached  an  entirely  new  phase 
since  it  has  been  considered  from  the  point  of  view  of  anaphylaxis. 

There  are  some  scattered  observations  in  immunologic  literature 
which  suggest  that  blood  and  serum  injections  into  animals  are  often 
followed  by  a  considerable  increase  in  the  number  of  eosinophils  in  the 
blood. ^'^  But  the  true  connection  between  eosinophilia  and  the  anaphy- 
lactic process  was  first  clearly  recognized  by  Schlecht. ^"^  He  had  observed 
previously  that  serum  injections  were  sometimes  associated  with  a 
marked  increase  in  eosinophilic  cells  in  the  blood  and  he  ascribed  this 
phenomenon  to  the  introduction  of  the  foreign  protein.  Later  he  and 
his  collaborators,^"  found  that  eosinophilia  developed  regularly  on 
reinjection  of  sensitized  animals.  He  examined  many  proteins  and 
their  derivatives  in  this  regard  and  found  egg  albumin,  serum  albumin 
and  globulin,  and  especially,  fibrin,  efficacious  in  producing  eosino- 
philia. Peptone  acted  less  promptly  and  amino-acids  (leucin,  alanin, 
phenylalanin.  glycin  and  asparagin)  were  without  action.  Schlecht 
and  Schwenker  discovered  also  the  eosinophilic  infiltration  of  the 
bronchi  in  the  lungs  of  anaphylactic  guinea-pigs  and  in  the  perivascular 
tissue  in  the  edema  of  the  Arthus  phenomenon.  On  the  basis  of  this 
work,  eosinophilia  is  to  be  considered  as  a  protective  reaction  of  the 
organism  against  certain  definite  decomposition  products  of  heterogen- 
ous and  even  homologous  proteins.     We  are  in  complete  agreement  with 
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this  point  of  view  and  believe  that  most  chnical  eosinophiHas  have  to 
be  considered  as  the  reaction  of  a  person  in  the  state  of  allergy. 

Probably  the  clearest  example  of  protein  sensitization  in  the  human 
is  pollen  disease.^*  Morphologic  studies  of  the  blood  of  many  patients 
lead  us  to  the  conclusion  that  blood  eosinophilia  is  a  constant  symptom 
during  the  attack.  In  the  months  of  the  year  in  which  the  patient 
is  free  from  hay- fever  his  eosinophilic  cells  in  the  blood  are,  as  a  rule, 
not  increa.sed.  If  the  eosinophilia  perists  outside  of  the  six  or  eight 
weeks  of  the  hay-fe\er  season  and  a  few  weeks  following  it,  the  patient 
is  usually  the  subject  of  multiple  sensitization,  i.  e.,  he  is  sensitized  to 
other  proteins,  e.  g.,  horse  dander,  or  he  is  subject  to  eczema  or 
urticaria,  i.  e.,  he  is  sensitized  to  certain  food  proteins.  In  the  autumnal 
type  of  pollen  disease  due  to  the  pollen  of  ragweed,  sunflower  and  other 
compositae,  the  eosinophilia  begins  almost  immediately  on  the  day  when 
the  catarrhal  symptoms  begin  and  increases  usually  progressively  until 
the-  third  week.  The  asthmatic  symptoms,  however,  usually  do  not 
become  evident  until  from  twelve  to  twenty  days  after  the  yearly 
resensitization  with  ])ollen  has  begun. 

These  clinical  data  are  mentioned  here  in  this  connection  because 
they  show  how  the  human  organism  acts  in  regard  to  the  emigration 
of  eosinophilic  cells  from  the  bone  marrow  into  the  blood  on  yearly 
parenteral  introduction  of  a  foreign  protein.  The  eosinoj^liilia  of  ])ollen 
asthma  is  a  reaction  of  the  organism  sensitized  to  pollen  protein,  h'or 
most  other  types  of  asthma  there  exists  no  difficulty  in  accepting  this 
point  of  view;  they  are  cases  of  special  protein  sensitization  either  ^to 
food,  animal  or  plant  proteins.  Less  evident  is  the  meaning  of  eosino- 
philia in  the  bacterial  type  of  asthma,  the  eosinophilic  bronchitis.  Here 
the  eosinophilic  reaction  in  its  relation  to  protein  katabolism  and  allergy 
is  not  at  once  entirely  evident.  It  is  certain  that  bacterial  protein 
possesses  antigenic  and  anaphylactogenic  properties  and  it  would  be 
a  simple  explanation  to  assume  tliat  the  infective  organism  had  sensitized 
the  subject  in  the  same  manner  as  the  pollen  protein.  This  is  a  possi- 
bility. But  it  should  be  remembered  that  at  least  all  acute  bacterial 
infections,  with  the  one  exception  of  scarlet  fever,  are  invariably  asso- 
ciated with  hypo-eosinophilia  which,  in  the  convalescence,  is  followed 
by  hypereosinophilia.  Aside  from  the  eosinophilia.  the  evidence  for 
the  assumption  that  micro-organisms  produce  astlima  through  sen- 
sitization with  their  own  body  substance — the  evidence  for  the  existence 
of  a  true  allergic  asthma  of  bacterial  origin — is  very  meagre.  Skin 
sensitization  tests  with  bacterial  antigens  made  according  to  \\'oo(le- 
house  from  stock  cultures,  as  well  as  autogenous  cultures,  grown  from 


38.  Koessler.   K.   K. :    The   Specific   Treatment   of   Hay-Fever    (Pollen    Dis- 
ease). Billings-Forschheiiner  Tliera])eusis  of  internal  Diseases  5:671-706,  1914. 
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the  bronchial  expectoration  and  inckiding  anaerobic  as  well  as  aerobic 
organisms,  have  proved  of  very  little  diagnostic  value  in  our  hands. 
After  using  them  in  many  hundred  instances  we  have  scarcely  three  or 
four  reactions  which  we  could  call  positive. ^^  Shall  we  conclude  from 
this  failure  of  obtaining  skin  reactions  to  bacterial  antigens  that  all  cases 
of  bacterial  asthma  are  in  reality  cases  of  true  allergic  asthma  due  to 
sensitization  with  an  undiscovered  protein,  which  we  might  discover 
if  we  would  increase  the  scope  of  our  tests?  It  is  undoubtedly  certain 
that  the  group  of  allergic  asthmas  will  steadily  increase  with  improved 
methods  for  the  preparation  of  antigens,  wnth  increasing  their  numbers 
used  in  the  tests  and  thus  detecting  new  etiologic  factors. ^'^  Yet  on  the 
basis  of  our  clinical  observations  and  studies  we  are  led  to  believe  that 
there  remains  still  a  definite  group  of  cases  of  asthma,  between  25  and 
30  per  cent,  of  all  cases,  which  are  of  true  bacterial  origin.  Blood 
eosinophilia  in  this  group  of  cases  is  of  exceedingly  varying  degree; 
it  is  sometimes  very  marked,  sometimes  slight  and  may  even  be  absent 
completely. 

The  production  of  an  eosinophilia  through  stimulation  of  the  leuko- 
poetic  organs  is  not  restricted  to  intact  proteins  of  antigenic  properties. 
Lower  decomposition  i)roducts  of  proteins,  as  albumoses  and  peptones, 
too,  have  the  faculty  of  producing  eosinophilia  as  well  as  bronchiolar 
spasm  and  arterial  hypotonus  with  capillary  stasis,  the  three  cardinal 
symptoms  which  constitute  the  syndrome  "asthma." 

Bacterial  asthma  may  thus  be  considered  as  being  due  to  the  products 
which  micro-organisms  form  by  their  action  on  the  proteins  of  the 
body's  own  tissues  or  on  the  proteins  of  the  food  in  the  intestinal  tract. 
It  is  a  peptone  intoxication  or  amine  intoxication   (aminosis). 

Other  peptones  and  amines,  while  possessing  bronchospastic  activity, 
do  not  exert  any  eosinotactic  stimulus  upon  the  blood  forming  organs. 
The  study  of  the  formation  of  these  toxic  products  (amines)  by  micro- 
organisms has  been  the  subject  of  our  investigations  for  many  years. 
Our  evidence  for  the  relation  of  amines  to  asthma  is,  while  not  con- 
clusive, verv  suggestive,  and  will  form  the  subject  of  a  special  report. 
Here,  we  wish  merely  to  point  out  that  the  production  of  amines  of 
bronchospastic  and  hypotonic  action,  of  which  histamin  is  the  chief 
representative,  is  mainly  dependent  on  a  particular  type  of  otherwise 
common  species  of  micro-organisms.  Thus,  of  twenty-nine  strains  of 
B.  coli  studied,  six  were  able  to  form  histamin  on  a  synthetic  medium 
and  no  other  chemical  reaction,  as  fermentation  of  sugars,  etc.,  could  be 


39.  A  detailed  account  of  the  clinical  phases  of  our  work  will  be  published 
in  the  near  future. 

40.  Cooke,  R.  A. :    Xew  Biologic  Factors  in  Bronchial  Asthma.   T.  Immunol. 
7:147.    1922. 
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found  which  would  set  this  group  of  colon  hacilli  aside,  except  their 
faculty  of  decarboxylating  amino-acids  with  the  formation  of  amines.*^ 
From  our  viewpoint,  then,  eosinophilia,  if  present,  is  a  very  impor- 
tant symptom  of  bronchial  asthma.  It  is  evidence  of  (1)  the  allergic 
type  of  asthma  due  to  sensitization  with  proteins  of  antigenic  character, 
or  (2)  of  an  intoxication  with  higher  peptones.  If  constantly  absent 
it  forms,  together  with  other  clinical  symptoms,  strong  evidence  that 
the  asthma  is  due  to  an  intoxication  with  lower  peptones  or  with  amines 
or  that  the  bronchospasm  is  produced  by  extraneous  factors,  pressure 
on  the  vagus  bv  tumors  or  aneurysm  (symptomatic  asthma). 

ABSORPTION      .\TELECTASIS     IX      I5R0NCHIAL     ASTHMA 

If  the  passage  of  gases  (air)  through  a  bronchiole  or  small  bronchus 
is  interrupted  for  some  time,  either  through  bronchiolar  spasm  or 
through  obturation  with  secreted  mucus,  the  air  contained  in  the  alveoli 
connected  with  that  occluded  tube  is  gradually  absorbed  l)y  the  blood 
of  the  pulmonary  capillaries  and  an  area  of  atelectasis  is  formed.  In 
two  of  our  cases,  the  infant  with  food  asthma  (Case  6)  and  the  adult 
male  (Case  4),  who  succumbed  to  an  injection  of  horse-serum,  definite 
areas  of  this  character  were  shown.  In  the  infant  there  are  two  distinct 
groups  of  areas  scattered  rather  diffusely  and  which  may  be  interpreted 
as  representing  two  stages  in  the  production  of  areas  of  absorption 
atelectasis.  In  one  group  of  areas,  apparently  the  newer  stage,  there  is 
an  obliteration  of  the  alveoli  by  an  exudate  containing  only  a  few  cells, 
chiefly  polymorphonuclear  neutrophils.  In  these  areas  the  bronchioles 
are  completely  occluded  by  a  mucous  exudate.  In  the  other  group  of 
areas,  apparently  the  later  stage,  there  is  such  a  complete  obliteration  of 
alveoli,  that  all  vestiges  of  lung  structure.  excej)t  contracted  bronchioles, 
are  absent.  Both  of  these  areas  are  sharply  defined  and  are  separated 
from  normal  appearing  alveoli  only  by  the  normal  amount  of  fibrous 
tissue  which  separates  the  units  of  lung  tissue  in  the  child.  We  can 
think  of  these  areas  as  representing  two  distinct  end-results  of  different 
asthmatic  attacks.  In  one.  the  newer,  the  occlusion  of  a  small  bronchus 
cut  off  temporarily  that  portion  of  the  lung  which  connects  witli  it  and 
the  exudation  resulted  ;  in  the  other,  the  older  stage,  the  occlusion  of  a 
bronchus  or  bronchiole,  occurred  in  a  i)revious  attack  and  lasted  long" 
enough  so  that  complete  organization  of  the  lung  connected  with  it 
resulted.  In  the  adult  (Case  4)  we  find  also  areas  of  lung  tissue  in 
which  there  is  complete  obliteration  of  all  alveoli.  In  these  areas,. 
which  are  less  sharply  defined  than  in  the  infant's  lung,  there  is  a  larger 
amount  of  fibrous  tissue  which   surrounds,  zonelike,  all  blood  vessels- 


41.  Hanke,  M.  T..  and  Koessler.  K.  K. :    .Studies  on  Proteinogenous  AmineSy 
XII.  J.  Biol.  Chem.  50:131.   1922. 
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and  small  contracted  bronchioles.  These  areas  we  interpret  as  represent- 
ing old  lesions  following-  previous  asthmatic  attacks.  No  other  lungs, 
whether  normal,  asthmatic  or  nonasthmatic,  showed  such  areas.  The 
presence  of  absorption  atelectasis  has  heretofore  not  been  observed  in 
bronchial  asthma.  Pathogenetically  it  is,  like  the  acute  emphysema, 
the  result  of  the  bronchiolar  obstruction  and  represents  the  ultimate 
stage  of  the  emphysema  in  an  area  of  lung  tissue  in  which  the  nor- 
mal gaseous  exchange  through  the  bronchi  has  become  completely 
interrupted. 

Some  authors  ^-  have  attempted  to  set  apart  certain  forms  of 
paroxysmal  dyspnea  in  children  as  a  new  morbid  entity,  which  they 
call  "bronchotetany."  This,  according  to  its  originator  (Lederer),  is 
a  symptom  complex  fundamentally  distinct  from  bronchial  asthma, 
though  also  due  to  bronchiolar  spasm.  The  distinction  is  based  first  on 
the  clinical  observation  that  bronchotetany  is  found  usually  only  in 
children  who  show  some  definite  symptoms  of  spasmophilia,  such  as 
laryngeal  spasm,  carpopedal  spasms  or  eclampsia,  and  second,  on  the 
evidence  of  the  pathologic  anatomy  that  all  fatal  cases  of  bronchotetany 
are  associated  with  the  formation  of  areas  of  atelectasis.  For  after 
studying  the  published  reports  of  twelve  postmortem  examinations  of 
bronchial  asthma,  all  of  which  we  have  cited  in  our  historical  review, 
this  investigator  reaches  the  conclusion  that  "intense  bronchospasm 
leads  in  asthma  only  to  emphysema,  never  to  the  formation  of  atelec- 
tasis; in  bronchotetany  always  to  atelectasis."  From  the  clinical  descrip- 
tion it  is  not  clear  to  us  how  the  cases  cited  as  bronchotetany  difi:'er  from 
true  (allergic?)  asthma  in  children.  The  presence  of  definite  areas  of 
absorption  atelectasis  in  our  two  cases  of  bronchial  asthma,  shows  that 
also  the  specific  pathologic  criteria  evoked  for  the  existence  of  this 
new  entity,  bronchotetany,  do  not  hold  true. 

SU^[MARY 

The  pathologic  histologic  examination  of  the  finer  structure  of  the 
bronchi  and  their  branches  in  our  six  cases  of  bronchial  asthma  suggests 
a  certain  parallelism  between  the  clinical  picture  and  the  structural 
changes.  Of  those  cases  developing  seemingly  on  a  bacterial  basis,  one 
was  during  life  a  w^ell  defined  exudative  type  (Case  1).  characterized 
by  an  abundant  secretion  (bronchorrhea)  which  was  one  of  the  chief 
clinical  symptoms  associated  wnth  the  paroxysmal  attacks.  The  anatomic 
parallel  of  this  picture  is  furnished  by  the  striking  hypertrophy  of  the 
mucous  ffland  svstem  of  the  bronchi. 


42.  Lederer,  R. :  Ueber  Bronchotetanie,  Ztschr.  f.  Kinderh.  7:1,  1913,  and 
ibid.  23:79.  1919.  Chronische  Bronchitis.  Bronchial  Asthma  und  Bronchotetanie. 
Ergebn.  d.  inn.  Med.  u.  Kinderh.  19:564.  1921.  Rietschel,  H. :  Bronchotetanie. 
Bronchialasthma  und  Asthmatische  Bronchitis.  Monatschr.  f.  Kinderh.  12:261. 
1913. 
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One  other  case  of  bacterial  asthma  (Case  2)  was  characterized 
clinically  by  a  more  or  less  unproductive  cough  which  led  to  the  attacks 
of  bronchospasm.  The  chief  pathologic  changes  seen  in  this  case  are 
the  hypertrophy  of  the  smooth  muscle  system  and  the  atroi)hy  of  the 
mucous  glands. 

The  two  cases  of  food  asthma  (Cases  3  and  6)  are  characterized 
pathologically  by  hypertrophy  of  both  glandular  and  muscular  systems, 
both  of  which  undoubtedly  played  a  role  in  the  production  of  the 
stenosis. 

One  case  of  true  allergic  asthma  (Case  4)  in  a  person  hypersensitive 
to  horse  serum,  calls  to  mind  the  picture  seen  in  the  lungs  of  the 
guinea-pig  in  the  classical  anaphylactic  experiment,  i.  e.,  the  acute 
emphysema  and  the  marked  contraction  of  the  bronchi  and  bronchioli 
by  the  well  developed  muscle  layer.  The  irregular  thickening  of  the 
walls  of  the  bronchial  arteries  recalls  the  nodal  arrangement  of  these 
arteries  described  by  Schultz  as  occurring  in  the  guinea-pig. 

The  outstanding  finding  in  our  study  is  the  evidence  that  the  actual 
thickness  of  the  walls  of  bronchi  and  of  bronchioli  of  more  than  0.2  mm. 
outside  diameter  is  increased,  as  compared  with  similar  structures  in 
nonasthmatic  persons.  This  difiference  is  due  to  increased  thickness  of 
all  layers  from  the  epithelium  to  the  outer  fibrocartilaginous  layer. 
Hyperemia  and  cellular  infiltration  of  the  wall  and  increased  activity  of 
the  glands  lead  to  swelling  and  thickening  and  this  can  produce, 
mechanically  as  well  as  chemically,  irritation  of  the  peripheral  nerve 
endings  in  the  tube,  which  may  indirectlv  cause  bronchosjjasni.  The 
abundant  secretion  of  the  epithelium  and  the  hyperactive  glands  obstruct, 
in  some  instances  completely,  the  already  narrowed  lumen  of  the 
middle-sized  and  small  bronchi  and  the  l)ronchi()li.  In  this  wav  both 
systems,  the  exudative  and  the  bronchomuscular,  act  simultaneouslv  in 
the  production  of  the  stenosis,  in  some  cases  one  more  than  the  other 
l)Ut  always  both  to  some  extent.  Even  in  the  purely  allergic  asthma  of 
the  infant  16  months  old,  which  at  that  age  already  showed  definite 
thickening  of  the  bronchial  wall  as  compared  with  an  infant  of  the 
same  age,  the  exudation  into  the  bronchi  and  l)r()nchioli  with  complete 
obstruction  of  some  is  proof  of  this  combined  involvement.  These 
observations  make  it  plain  that  in  man,  at  least,  the  allergic  reaction 
of  the  tissues  is  not  confined  alone  to  the  smooth  muscle  fiber  sy.stem, 
but  involves  also  the  whole  organ  sy.stem  which  serves  exudative 
processes,  endothelium,  epithelitmi,  capillaries  and  glands. 

The  increased  thickness  of  the  wall,  the  hyperactivity  of  the  gland- 
ular system,  the  bronchoconstriction,  as  well  as  the  emphysema,  are  not 
present  to  the  same  degree  in  all  parts  of  the  lungs  but  often  involve 
one  lobe  or  part  of  a  lobe  to  a  greater  degree  than  others. 
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The  anatomic  substrate  of  the  bronchospasm  is  mainly  furnished 
by  the  hypertrophy  of  the  smooth  muscle  fiber  system.  The  evidence 
of  a  narrowed  lumen  and  the  folding  of  the  epithelium  while  present 
has  to  be  interpreted  with  great  care. 

The  chief  cellular  symptom  of  the  allergic  reaction  in  man  is  the 
eosinophilia.  In  only  one  disease,  bronchial  asthma,  doe.>>  a  blood, 
sputum  and  tissue  eosinophilia  occur  simultaneously.  The  eosinophilic 
infiltration  of  the  bronchial  wall  in  asthma  is  a  characteristic  histologic 
criterion  of  bronchial  asthma,  Ijut  if  absent  it  does  not  exclude  asthma. 
Since  eosinophilia  is  regarded  as  one  of  the  chief  clinical  and  pathologic 
symptoms  of  allergy,  its  constant  absence  in  certain  forms  of  bacterial 
asthma  is  regarded  as  one  important  part  of  evidence  that  there  are 
types  of  asthma  which  may  not  be  of  allergic  origin.  This  form  may 
be  regarded  as  due  to  an  intoxication  with  peptones  or  amines,  broncho- 
spastic  poisons,  which  are  formed  by  the  action  of  micro-organisms 
on  tissues. 

This  work  would  not  have  been  possible  without  the  kind  interest 
and  aid  of  several  colleagues.  To  all  of  them  we  wish  to  express  our  grateful 
appreciation.  Especial  thanks  are  due  to  Drs.  H.  G.  Wells,  T.  H.  Boughton, 
B.  O.  Raulston,  W.  White.  F.  H.  Stangl,  \V.  G.  Hibbs  and  C.  J.  Eldridge  for 
assistance  in  obtaining  some  of  the  normal  and  pathological  material  used 
in  this  study  and  also  to  Mr.  K.  Toda  for  his  excellent  colored  drawings. 


THE     INTESTINAL     DIGESTION     OF     CONNECTR'E 

TISSUE 

J.     BUCKSTEIN.     M.D. 

NEW    YORK 

Adolph  Schmidt  *  has  persistently  claimed  that  connective  tissue  is 
digested  only,  if  at  all.  in  the  stomach,  and  never  in  the  small  intestine. 
This  view  has  been  accepted  by  such  investigators  as  Sahli  -  and 
Strasburger  '''  abroad,  and  in  this  country  among  others  by  Dr.  Charles 
D.  Aaron.* 

As  a  corollary  to  this  statement,  it  follows,  as  emphasized  by 
Schmidt,  that  the  finding  of  large  amounts  of  undigested  connective 
tissue  in  the  stool,  particularly  after  the  administration  of  his  test 
diet,  is  an  indication  of  a  disturbed  gastrogenic  function,  since  there 
is  no  participation  of  the  small  intestine  in  the  digestion  of  connective 
tissue. 

Assuming  the  claim  to  be  correct,  this  phenomenon  has  both  a 
theoretical  and  practical  significance.  Theoretically,  this  is  important 
in  indicating  that  from  the  standpoint  of  the  digestion  of  one  substance 
at  least,  the  stomach  was  absolutely  essential,  and  no  vicarious  func- 
tioning on  the  part  of  the  small  intestine  was  possible.  From  a 
practical  standpoint,  the  claim  was  of  value,  in  that  through  a  careful 
examination  of  the  stool,  a  gastrogenic  disturbance  could  be  predicated, 
from  the  finding  of  large  amounts  of  undigested  connective  tissue.     • 

I  attempted  to  determine  the  truth  of  the  matter  from  a  study  of 
the  digestion  of  connective  tissue  when  introduced  directly  within  the 
small  intestine  of  the  human  being. 

Observations  on  the  behavior  of  intestinal  fluid,  from  a  digestive 
standpoint,  when  ])resent  in  a  test  tube,  are  open  to  the  follcnving 
objections. 

First. — Once  the  intestinal  fluid  is  placed  in  a  test  tube,  tlie  en\ir()n- 
ment  is  definitely  altered.  In  this  way,  the  behavior  of  the  fluid  where 
any  substance  is  introduced  within  it,  may  not  necessarily  indicate  the 
manner  in  which  the  fluid  behaves  when  present  in  its  normal  euN-iron- 
ment  within  the  small  intestine. 


1.  Schmidt,   A.:    The   Test   Diet   in    Intestinal   Diseases,   PhilacU-lphia,   F.  A. 
Davis  &  Co.     Translated  by  Dr.  Charles  D.  Aaron,  1909. 

2.  Sahli,    H. :     Diagnostic    Methods    of    Examination.    English    translation, 
edited  by  N.  B.   Potter,  Philadelphia,  W.   B.   Saunders   Company,   1911.   p.  433. 

3.  Strassburger,  J. :     Examination  of  the  Feces ;   Diseases   of  the   Digestive 
System,  edited  by  Frank  Billings.  New  York.  D.  Appleton  &  Co.,  1906,  p.  605. 

4.  Aaron.    C.   D. :     Diseases    of  the   Digestive   Organs,   Philadelphia,    Lea   & 
Febiger,  1921. 
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Secondly. — The  specimen  within  the  test  tube  represents  the  char- 
acter of  the  intestinal  fluid  at  the  time  it  was  withdrawn,  but  does 
not  necessarily  indicate  the  nature  of  the  intestinal  fluid  at  some  other 
time.  This  is  supported  by  the  fact  that  fluid  removed  by  the  frac- 
tional method  from  the  small  intestine  through  the  intestinal  tube 
shows  definite  variations  in  the  strength  of  the  pancreatic  ferments 
in  the  separate  specimens.  Thus,  the  digestive  efficacy  of  any  specimen 
of  fluid  within  a  test  tube  is  not  an  absolute  criterion  as  to  the  power 
of  the  fluid  within  the  small  intestine,  where  there  is  a  constant 
variation   in   its   enzvmotic   content. 


Fig.  1. — Roentgenogram  of  tube  shortly  after  entering  the  small  intestine. 
The  arrow  points  to  the  metal  tip  which  has  been  sewed  on  to  the  end  of  the 
rubber  tube  with  kangaroo  tendon. 


Third. — A  process  of  stagnation  occurs  under  such  conditions  which 
is  absent  in  the  small  intestine,  where  there  is  a  constant  flow  of  freshly 
secreted  fluid. 

For  these  reasons,  conclusions  based  on  the  behavior  of  intestinal 
fluid  within  a  test  tube  must  be  made  with  caution,  since  the  conditions 
are  not  entirely  similar  to  those  within  the  small  intestine  itself. 

It  is  possible  to  study  the  digestive  eft'ect  of  intestinal  fluid  on 
connective  tissue  introduced  direct! v  within  the  small  intestine.     This 
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can  be  clone  in  the  manner  I  described  in  a  previous  communication.'' 
A  special  intestinal  tulje  is  used  to  the  end  of  which  the  metal  bulb 
might  be  sewed  on  with  either  silk  or  chromicized  catgut.  By  sewing 
the  bulb  on  with  silk,  it  became  permanently  attached.  By  emi)loying 
chromicized  catgttt  as  a  suture  material,  the  bulb  after  reaching  the 
intestine  became  detached  through  the  digestion  of  the  catgut.  I 
em])loyed  this  ])rinciple,   substituting  medium  kang.aroo  tendon  in   the 


Fig.  2. — Roentgenogram  of  tube  taken  twenty-four  hours  later.  The  arrow- 
points  to  the  metal  tip  which  has  become  detached  from  the  end  of  the  ruhlier 
tube,  indicating  that  the  kangaroo  tendon  has  become  digested. 

place  of  catgut  as  a  material  with  which  to  sew  the  metal  tip  to  the 
end  of  the  rubber  tube.  The  tube  was  then  passed  into  the  small 
intestine,  as  indicated  in  Figure  1.  Roentgenograms  were  taken  at 
varying  intervals.  At  the  end  of  twenty-four  hours,  a  roentgenogram 
(Fig.   2)    indicated   that    the   bulb   had   become   detached.      The   con- 


5.  Buckstein,  J.:    The  Intestinal  Tube.  J.  .X.  M.  A.  74:664  (March  6)   1920. 
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elusion  appeared  justified  that  the  release  of  the  bulb  from  the  end 
of  the  tube  had  occurred  as  a  result  of  the  digestion  within  the  small 
intestine  of  the  connective  tissue  suture  in  the  form  of  kankaroo 
tendon. 

There  was,  however,  one  definite  objection  to  this  procedure. 
Gastric  analysis  in  this  case  indicated  that  the  acid  values  were  within 
normal  limits,  and  that  pepsin  and  rennin  were  present.  It  was, 
therefore,   impossible    to   determine   how    much    of   the   digestion    had 


Fig.  3. — Roentgenogram  of  tube  after  reaching  the  small  intestine  in  a 
patient  with  achylia  gastrica.  The  arrow  points  to  the  metal  tip  which  has  been 
sewed  on   witli  kangaroo  tendon. 


actually  occurred  while  the  tube  was  still  present  within  the  stomach 
and  before  the  end  had  reached  the  small  intestine.  It  was  conceivable 
that  the  digestion  had  actually  occurred  within  the  stomach,  that  the 
metal  tip  cohered  to  the  end  of  the  rubber  tube,  and  was  detached  by 
some  sixdden  exertion  on  the  part  of  the  patient,  or  as  the  result  of 
forcing  the  tip  free,  in  injecting  the  rubber  tube  with  barium  bv  means 
of  a  syringe  in  taking  a  roentgenogram  of  the  tube. 


BUCKSTEIX—CO.W'ECril'H     TfSSl'H     DICESTIOX 


765 


This  preliminary  gastric  digestion  was  lo  lie  considered,  particu- 
larly since  a  small  strip  of  the  tendon,  when  placed  in  the  gastric 
secretion  of  this  patient,  hecame  completely  digested  within  twenty 
hours. 

Therefore,  I  endeavored  to  ascertain  the  digestihility  of  the  tendon 
within  the  small  intestine  of  a  patient  with  achylia  gastrica.  The 
absence  of  acid  secretion  and  of  enzymes  in  the  gastric  contents  was 
determined  by  the  fractional  method  of  examination,  and  verified  on 
three  different  occasions.  Moreover,  in  this  case,  the  rubber  tube 
with  the  tip  sewed  on  with  kangaroo  tendon,  was  permitted  to  remain 


Fig.  4. — Roentgenogram  of  tube  taken  forty-eight  hours  later.  The  arrow 
points  to  the  metal  tip  which  has  liccome  detached  from  the  end  of  the  rubber 
tube.  This  indicates  that  the  kangaroo  tendon  has  liecome  digested  although 
an  achylia  gastrica  was  present. 

in  the  gastric  contents  for  thirt\-  daws,  with  no  lilieration  of  the  bulb 
and  no  digestion  of  the  suture  material.  Nevertheless,  although  the 
effect  of  gastric  digestion  on  the  tendon  could  be  excluded  while  the 
tidie  was  passing  from  the  stomach  into  the  small  intestine,  roentgeno- 
grams indicated  the  release  of  the  bulb  from  the  end  of  the  tube 
within  forty-eight  hours  after  the  intestine  had  l)een  reached.  (Figs. 
3  and  4.)  On  removing  the  tube,  no  evidence  of  the  tendon  could  be 
found.      It   is  an  interesting-   fact   that    tiuid   removed    from   the   small 
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intestine  of  this  patient  showed  the  presence  of  all  three  pancreatic 
ferments,  although  the  fluid  was  removed  in  the  fasting  state,  in  the 
absence  of  free  hydrochloric  acid,  and  with  the  exclusion,  as  nearly 
as  possible,   of   any  psychic  stimulation. 

In  1890,  \'on  Xoorden  "  claimed  that  even  when  gastric  secretion 
was  no  longer  present,  the  digestion  of  food  could,  nevertheless,  pro- 
ceed in  a  normal  manner.  From  the  evidence  presented  above,  it  is 
evident  that  connective  tissue  digestion  forms  no  exception  to  this 
statement,  and  that  the  small  intestine  may  be  completely  vicarious 
in  its  digestive  function. 

COXCLUSIOX 

1.  A  method  is  presented  for  the  study  of  the  digestion  of  con- 
nective tissue,  when  introduced  directly  within  the  lumen  of  the  small 
intestine  of  the  human  being. 

2.  Connective  tissue  digestion  may  occur  within  the  small  intestine, 
and  is  not  dependent  entirely  on  gastrogenic  ftmction. 

3.  The  absence  or  presence  of  connective  tissue  in  the  stool,  throws 
no  light  on  the  nature  of  the  gastrogenic  function,  since  the  small 
intestine  is  definitely  involved  in  its  digestion. 


6.  Von  Noorden.  C. :   Ueber  die  Ansnutzung  der  Xahrung  bei  Magenkranken, 
Ztschr.  f.  klin.  Med.   17:137.   1890. 


PSYCHOLOGIC     TESTS     APPLIED     TO     DlAl'.l-.TIC 
PATIENTS* 

W.     R.     MILES,     Ph.D..     .\.\n     H.     F.     ROOT,     M.D. 

JiOSTOX 

Diabetes  is  well  known  to  exert  an  important  intiuence  on  the  central 
nervous  system.  Kraus  ^  recently  summarized  the  more  common 
neurologic  lesions,  and  the  psychoses  occasionally  associated  witli 
diabetes  have  been  the  subject  of  numerous  studies. 

The  diabetic  patient,  on  his  own  jiart,  complains  of  loss  of  memory 
and  of  poor  ability  to  concentrate  the  attention.  So  far  as  we  are  aware, 
there  are  no  objective  data  which  either  substantiate  or  contradict  this 
clinical  picture  in  reference  to  attention  and  memory.  We  have  under- 
taken to  gain  some  light  as  to  the  extent  of  the  impairment  if  such 
exists,  comparing  diabetic  patients  as  a  group  with  controls  who  are  of 
about  the  same  mental  status. 

METHOD 

At  the  New  England  Deaconess  Hospital  in  Boston,  Dr.  E.  P.  Joslin 
has  for  some  years  conducted  twice  a  week  a  patients'  class  in  diabetic 
hygiene.  We  took  advantage  of  meetings  of  this  class  which  commonly 
contained  all  of  the  ambulant  diabetic  patients  then  in  the  hospital 
together  with  a  few  who  had  returned  for  observation,  and  conducted 
group  tests  over  a  period  of  two  and  one-half  months.  Usually  from 
eight  to  fifteen  persons  were  present.  Data  were  collected  on  forty 
different  diabetic  patients.  Some  were  tested  several  times,  others  only 
once;  the  group  consisted  of  seventeen  men  and  twenty-three  women, 
ranging  in  age  from  15  to  55  years,  with  an  average  of  46.  At  the  time 
patients  were  first  tested  they  were  without  exception  free  from  acidosis 
but  usually  not  sugar  free.  None  were  tested  on  a  fasting  day  or  on  a 
day  just  succeeding  a  fast.  Most  of  them  were  in  the  hos])ital  for  the 
first  time  and  their  initial  tests  were  usually  within  a  week  of  admission. 

The  control  group  consisted  of  two  doctors,  nurses  and  mostly  of 
relatives  and  friends  of  patients.  It  is.  of  course,  difficult  to  secure  a 
control  group  which  can  be  proven  comparable  to  the  diabetic  group  in 
everything  except  the  diabetes.  We  took  for  controls  adults  who  visited 
the  class  and  were  not  patients.  Several  of  the  patients  in  the  diabetic 
group  were  people  of  superior  intelligence  and  of  good  education  who 
probably  in  regular  mental   tests   would   have  ranked  above  many  of 


*  From  the  Nutrition  Laboratory  of  the   Carnegie  Institution   of  Washing- 
ton, and  the  New  England  Deaconess   Hospital,  both   in   Boston. 
\.  Kraus  :     M.   Clinics   N.   America,  Jul\-.   1920,   p.  225. 
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those  in  the  control  group.  The  possibiHty  of  making  a  mental  test  of 
each  diabetic  was  considered,  but  it  seemed  unwise  to  add  anything 
more  to  their  burden. 

The  four  simple  group  tests  which  we  used  required  about  twenty- 
five  minutes.  They  were  conducted  in  a  large,  light  room,  comparatively 
free  from  distraction  and  following  breakfast  when  the  patients  were 
usually  at  their  best.    The  tests  were  as  follows : 

1.  Cancellation  of  Digits. — This  is  one  of  the  Woodworth  and 
Wells  -  tests  in  which  one  thousand  digits,  each  appearing  an  equal 
number  of  times,  are  printed  in  twenty  lines  of  fifty  digits  each.  The 
subjects  methodically  crossed  out  a  certain  digit  every  time  it  appeared, 
completing  as  much  of  the  blank  as  possible  within  a  time  limit  of 
two  minutes. 

2.  Mcmary  Span  for  Digits.^ — A  series  of  numbers  were  pronounced 
slowly  and  regularly,  and  at  the  end  subjects  tried  to  write  them  down 
in  proper  order.  Trials  were  given,  starting  with  five  place  numbers 
and  gradually  working  up  to  nine  place  numbers.  The  same  amount  of 
material  was  given  at  each  test  and  subjects  were  marked  on  the  per 
cent,  of  the  total  material  correctly  reproduced. 

3.  Memory  Span  for  Four-Letter  Words.* — A  list  of  twenty-five 
one  .syllable  English  words,  each  word  composed  of  four  letters,  was 
read  at  the  rate  of  one  word  per  second.  When  the  list  had  been 
completely  pronounced  to  the  patients,  they  then  wrote  down  all  of  the 
words  that  could  be  recalled  without  regard  to  order. 

4.  Addition  of  One-Place  Xuinbcrs.^ — These  addition  blanks  were 
very  legible,  being  printed  in  12  point  type,  well  spaced,  arranged  in 
blocks  of  100,  i.e.,  ten  digits  in  a  column  and  ten  columns  wide.  The 
patients  added  as  many  columns  as  possible  in  five  minutes. 

The  tests  on  the  different  days  were,  so  far  as  we  know,  of  equiva- 
lent difficulty  and  were  always  conducted  in  the  same  manner.  Due  to 
the  readiness  with  which  diabetics  are  fatigued,  it  was  not  possible  to 
make  tests  as  long  or  as  intensive  as  otherwise  would  have  been 
desirable.  So  far  as  possible,  we  tried  to  make  the  testing  period 
pleasurable  rather  than  boresome,  and  if  patients  showed  disinclination 
to  do  them,  they  were  freely  excused  without  argument  on  our  part. 
A  careful  but  unobtrusive  watch  was  kept  as  to  the  accuracy  with  which 
instructions  were  followed  and  doubtful  records  were  thrown  out. 


2.  Wcodworth  and   Wells:    Psychol.  Mon.   13:24.   1911. 

3.  Whipple:    Manual  of  Mental  and  Physical  Tests,  Baltimore.   1915,  Ft.  2, 
p.   155. 

4.  Benedict,  Miles.  Roth  and  Smith  :    Human  \'itality  and   Efficiency  Under 
Prolonged   Restricted  Diet.  Carnegie  Inst.  Wash.  Pub.  280.   1919,  p.   142 

5.  Ibid.  p.   143. 
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RESULTS     OF     INITIAL     GROUP     TESTS 

In  the  first  place,  we  will  compare  the  ability  of  diabetics  beginning 
treatment  with  other  individuals  equally  unfamiliar  with  the  tests. 
Cancellation  of  Digits. — Per  cent,  of  task  performed. 

39  diabetics  :    Range,  19-75 ;  average,  48 ;  variation,  23% ;  errors,  3.5%. 
15  controls:  Range,  37-100;  average,  61;  variation,  21%;  errors,  3.1%. 

The  diabetics  were  able  to  accomplish  an  average  of  48  per  cent,  of 
the  task  while  the  controls  covered  61  per  cent,  in  the  same  time. 
Substantially  the  same  result  is  shown  in  the  ranges  covered  by  the 
subjects  of  the  two  groups.  The  per  cent,  variation  (coefficient  of 
variability)  among  the  diabetics  is  only  a  trifle  higher  than  among  the 
controls,  and  the  same  applies  to  the  per  cent,  of  errors  which  is  small 
in  both.  The  difference  lies,  therefore,  in  the  amount  accomplished 
rather  than  in  the  degree  of  accuracy,  the  diabetic  patients  showing  an 
inferiority  of  about  21  per  cent,  if  we  reckon  the  controls  as  100. 

Objection  may  be  raised  that  visual  defects  so  common  in  diabetes 
account  for  this  difference.  In  that  case,  we  should  expect  a  higher 
percentage  of  error  among  the  diabetics  whereas  the  percentages  are 
almost  the  same.  Furthermore,  the  patients  were  specifically  questioned 
with  regard  to  this  point,  and  two  patients  were  excluded  who  were  at 
the  time  experiencing  the  well  known  temporary  blurring  of  vision. 
Ophthalmoscopic  examination  in  several  showed  no  retinal  lesions.  It 
seems  from  this  that  the  diabetic  is  retarded,  but  whether  this  is  in 
discrimination  or  in  speed  of  movement  or  both  cannot  be  determined 
from  this  test. 

As  the  test  of  memory  span  for  digits  was  necessarily  brief,  it  was 
not  possible  to  give  enough  trials  with  six  place,  seven  place,  etc. 
numbers  to  certainly  establish  the  number  of  digits  which  could  be 
recalled  correctly. 

Memory  Span  for  Digits. — Per  cent,  of  material  recalled. 

39  diabetics:    Range,  30-81:  average,  56;  variation,  20%. 
14  controls:    Range,  40-100;  average,  66;  variation,  21%. 

If  all  of  the  material  given  in  this  test  be  considered,  then  the  diabetics, 
on  an  average,  recalled  56  and  the  controls  66  per  cent,  of  it.  This 
dift'erence  is  reflected  in  the  ranges  covered  by  the  individuals  com- 
posing the  two  groups.  The  per  cent,  of  variation  within  both  groups 
is  nearly  the  same.  The  diabetics  showed  a  decrement  in  this  memory 
span  test  of  15  per  cent.  As  an  approximation  we  might  say  that  if 
the  average  control  is  able  to  remember  for  immediate  recall  a  seven- 
place  number,  the  diabetic  can  barely  remember  one  of  six  places,  and, 
as  compared  with  normals,  they  are  much  more  likely  to  find  difificulty 
with  even  a  four-place  telephone  number. 
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In  the  memory  span  for  words,  the  diabetics  showed  a  larger  varia- 
tion among  themselves  from  their  average  number  of  words  correctly 
recalled  than  did  the  other  groups.  One  diabetic  could  not  correctly 
recall  any  word  (two  words  were  put  down  but  they  were  both  errors, 
i.e.,  not  pronounced  in  the  list)  and  another  patient,  a  school  teacher, 
had  eleven  words  correct  and  one  error  word. 

Memory  Span  for  Four-Letter  Words. — 

39  diabetics:  Range,  0-11;  av.  correct,  4.9;  variation,  31%;  av.  errors,  1.7. 
18  controls :  Range,  3-10;  av.  correct,  6.2;  variation,  24%;  av.  errors,  1.9. 
24  students:''  Range,  3-13;  av.  correct,  7.0;   variation,  24%;  av.  errors,  1.4. 

On  the  average,  the  diabetic  patients  show  4.9  correct  words  as 
compared  with  6.2  for  the  controls  and  7.0  for  a  group  of  male  college 
students  who  were  given  the  same  test  in  another  experiment  at  an 
earlier  time.  It  is  common  in  such  a  test  that  some  words  are  written 
down  which  were  not  in  the  list  pronounced  for  memory  and  which 
have  not  been  obviously  suggested  on  the  basis  of  similarity  of  sound. 
Such  may  be  called  errors.  Of  the  thirty-nine  diabetics,  thirty-one 
gave  such  errors  which  range  from  1  to  4  and  average  1.7.  The  controls 
and  students  show  average  errors  of  1.9  and  1.4  per  cent.,  respectively, 
so  there  seems  no  significant  difference  between  the  diabetics  and  the 
other  groups  as  to  number  of  wrong  words  entered.  An  illustration  of 
the  difficulty  which  diabetics  experience  in  remembering  instructions 
came  out  in  this  test.  The  word  "go"  was  written  down  by  four  of  the 
diabetics  in  spite  of  the  instruction  "all  the  words  are  four-letter  words. 
When  I  have  finished  pronouncing  the  list,  I  will  say  the  word  'go' 
which  is  a  signal  for  you  to  start  writing."  On  the  basis  of  the  number 
of  words  correctly  recalled  in  this  test,  the  diabetics  show  a  decrement 
of  21  per  cent,  below  the  controls  who  themselves  are  11  per  cent,  poorer 
than  the  group  of  college  students. 

Probably  of  the  group  tests  given,  addition  is  most  likely  to  have 
been  practiced  through  the  regular  occupations  of  certain  subjects.  It 
is  difficult  to  secure  groups  of  people  who  are  directly  comparable  in 
respect  to  this  factor  of  preliminary  practice.  Any  person  who  without 
recent  practice  can  correctly  add  thirty  columns  of  ten  digits  each  within 
five  minutes  may  arbitrarily  be  considered  as  being  professionally  prac- 
ticed in  addition.  To  simplify  comparison  we  have  excluded  each  such 
case  among  the  diabetics,  controls  and  students  compared.  As  stated, 
many  of  the  patients  were  very  intelHgent  and  capable  people.  It  is 
significant  to  find  that  among  thirty-seven  diabetics  who  took  the  addi- 
tion tests,  seven  at  the  first  trial  correctly  added  thirty  or  more  columns. 
In  each  case  the  person  is  known  to  be  an  accountant,  a  school  teacher, 

6.  Ibid.  p.  577. 
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or  store  keeper.  Besides  these,  there  was  one  accountant  and  one 
teacher  whose  scores  we  have  not  omitted  who  each  did  twenty-eight 
columns  correctly.  It  is,  perhaps,  questionable  that  these  should  have 
been  allowed  to  remain  in  the  group.  Of  the  eighteen  controls,  only 
one,  a  doctor,  did  as  well  as  thirty  columns,  and  of  the  twenty-four 
college  students  who  took  the  test,  three  did  at  the  rate  of  thirty  or  more 
columns  in  five  minutes.  One  of  these  students  was  a  bank  cashier. 
On  this  basis  the  comparative  results  are  as  shown  in  Table  1. 

TABLE  1.— Additiox  of  One-Place  Numbers 

Subjects  Columns  Correctly  Added  No.  Incorrect 

30  diabetics'. Range  2-28,  average  14.0                  3.0 

17  controls Range  4-24,  average  14.7                   2.9 

21  students Range  5-28,  average  16.9                  4.6 


If  we  consider  the  average  number  of  columns  correctly  added,  the 
thirty  diabetics  did  only  5  per  cent,  less  than  the  seventeen  controls, 
while  the  latter  were  13  per  cent,  poorer  than  the  twenty-one  college 
students.  Since  in  addition  accuracy  is  of  prime  importance  rather  than 
the  number  of  columns  attempted,  we  may  deduct  the  average  number 
of  columns  incorrectly  added  from  the  correct  for  a  combined  score. 
In  this  way  we  find : 

Diabetics,    11.0  Controls,   11.8  Students,   12.3 

Taking  the  controls  as  a  basis,  the  students  are  4  per  cent,  better  and 
the  diabetics  7  per  cent,  poorer. 

In  this  discussion  of  addition  we  have  eliminated  the  professionally 
practiced  adders  for  reasons  which  seem  pertinent.  The  diabetics  do 
not  show  a  large  decrement  in  their  ability  to  add,  and  it  may  fairly  be 
questioned  if  the  decrement  found  is  a  real  fact.  Two  or  three  very 
poor  adders  might  press  the  average  below  that  found  for  normal 
controls.  As  we  have  eliminated  the  very  expert,  we  may  do  likewise 
for  the  extremely  inefficient  and  thus  compare  in  all  cases  modal  groups. 
Any  person  who  in  five  minutes  cannot  add  correctly  more  than  five 
columns  of  ten  digits  each  we  will  arbitrarily  exclude.  This  eliminates 
three  of  the  thirty  diabetics,  two  of  the  seventeen  controls,  and  one 
of  the  twenty-one  students,  and  provides  for  number  of  columns 
correctly  added  the  following  scores : 

Diabetics,    15.3  Controls.   16.1  Students,   17.5 

Viewed  in  this  way,  the  diabetics  are  again  5  per  cent,  poorer  than 
the  controls  who,  in  turn,  are  8  per  cent,  below  the  students.  It  is  a 
treacherous  thing  to  draw  conclusions  from  arbitrarily  selected  data, 
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but  from  that  available,  viewed  from  different  angles,  it  appears  that 
the  diabetic  patients  suffer  a  small  decrease  of  about  5  per  cent,  in  their 
ability  to  do  simple  sums  in  addition." 

REPEATED     GROUP     TESTS     ON     DIABETICS 

We  have  discussed  what  the  diabetic  patient  at  the  very  beginning 
of  treatment  can  do  in  his  first  performance  of  certain  psychological 
tests  given  under  practically  ideal  group  conditions.  As  compared  with 
available  controls,  we  have  found  that  his  performance  level  is  some- 
what poorer,  in  amount,  5  to  20  per  cent.  It  is  quite  important  to 
discover  if  his  ability  to  improve  with  practice  is  very  different  than 
normal.  There  were  twenty  diabetics  who  took  the  tests  two  or  more 
times.  A  comparison  may  be  made  of  their  first  and  second  trials  to 
note  if  the  latter  averages  are  the  higher,  and  if  so,  how  much  in  terms 
of  per  cent,  of  the  first  trial  averages.  Such  a  comparison  among 
twenty  diabetic  patients,  seven  controls  and  eleven  young  men  college 
students  is  embodied  in  Table  2. 

TABLE  2. — The  Amount  of  Improvemext   Between   the  First  and   Second 
Trials    with    Psychologic    Tests 

Cancel-    Memory   Memory 
Subjects  Trials  lation.     Words       Digits     Addition   Average 

20  diabetics First  48  4.7  55  20.6 

Second  56  5.7  68  21.9 

Per  Cent,  improvement 17  21  23  6                17 

7  controls First  66  5.9  58  19.3 

Second  71  .          6.6  63  22.1 

Per  Cent,  improvement 8  12  9  14                11 

11  students First  ..  7.3  ..  19.6 

Second              ..  8.7  ..  21.0 

Per  Cent,  improvement 19  ..  7  13 

Without  specifically  discussing  the  average  scores  made  in  the 
dift'erent  tests  by  the  diff'erent  groups  of  subjects  we  may  note  the  per 
cent,  of  improvement  with  practice.  In  this,  the  diabetics  show  percent- 
ages of  gain  as  follows:  cancellation,  17;  remembered  words,  21; 
remembered  digits,  23,  and  columns  correctly  added,  6.  All  four  tests 
gave  an  average  gain  from  practice  of  17  per  cent.  The  seven  control 
subjects  who  took  the  tests  twice  show  gains  of  8,  12,  9  and  14  per  cent., 
with  an  average  of  11  per  cent.  The  eleven  college  students  who,  under 
normal  conditions  but  with  a  somewhat  longer  interval  between  trials, 
took  the  memory  for  words  test  and  the  addition  test  a  second  time, 
demonstrate  improvement  of  19  and  7  per  cent.,  respectively.     In  the 

7.  The  question  may  be  raised  as  to  any  change  in  the  accuracy  of  addition 
work  by  the  seven  diabetics  who  were  discarded  as  being  expert.  These 
averaged  37.7  correct  and  2.5  columns  incorrect.  The  three  students  who  were 
discarded  averaged  37.8  columns  correct  and  3.0  incorrect.  While  the  one  dis- 
carded control   showed  33  and  1  columns. 
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addition  test,  the  controls  gained  more  than  did  the  diabetics  but  in  the 
three  other  tests  the  diabetics  are  well  in  the  lead  with  large  percentages 
of  improvement. 

It  must  be  recognized  that  in  the  trials  which  came  after  the  first 
experience  with  the  tests,  the  subjects  were  often  sugar  free  and  were 
receiving  more  food.  This  doubtless  contributed  to  their  comfort  and 
efficiency.  We  have  no  diabetic  quotient,  i.e.,  no  way  of  numerically 
stating  the  diabetic  condition  of  a  patient  or  of  a  group  of  patients. 
Such  a  quotient  would  be  useful  in  assessing  the  value  and  progress 
made  with  different  types  of  treatment  and  for  correlation  of  diabetes 
status  with  numerous  other  factors  and  conditions.  At  present,  it  is 
impossible  to  say  to  what  extent  the  improvement  shown  is  due  to 
improved  physical  condition  or  to  the  subsidence  of  certain  symptoms. 
Of  twelve  patients  who  were  tested  from  three  to  nine  times  we  found 
that  the  improvement  in  the  performance  of  tliese  tests  shown  at  the 
second  trial  was  maintained  with  a  slight  tendency  to  a  continued  gain 
in  efficiency.  We  may  at  least  say  that  the  treated  diabetic  quickly 
responds  in  psychologic  level  and  is  able  to  learn  rapidly  from  practice, 
as  is  shown  in  repeated  tests.  It  is  also  clear  that  under  treatment  he 
rather  quickly  approaches  the  normal,  although  he  seemingly  does  not 
reach  that  level.  This  rapid  response  to  adequate  treatment  is  a  fact 
which  should  much  encourage  both  physician  and  patient. 

PSYCHOMOTOR     TESTS     OF     INDIVIDUAL     DIABETICS 

A  few  diabetic  patients  were  given  certain  neuromuscular  tests  at 
the  Nutrition  Laboratory.  These  measurements  were  made  with  a  view 
to  sampling  the  performance  of  these  subjects  as  to  their  quickness  of 
action,  accuracy  and  steadiness  of  muscular  control,  etc.  Data  may  be 
reported  for  five  persons,  two  women  and  three  men,  all  of  them  very 
intelligent  and  cooperative  subjects.  All  were  subjects  of  pronounced 
diabetes  and  had  been  under  treatment  for  some  time,  all  were  free  from 
sugar  and  acidosis  when  tested,  but  their  total  food  intakes  were  low, 
and,  as  a  class,  they  were  quite  emaciated.  The  testing  was  done  in 
the  morning  shortly  following  breakfast  and  required  about  two  hours. 
Only  one  subject  came  on  any  day.  Care  was  taken  to  instruct  and 
adjust  each  patient  to  the  tests.  Rest  periods  were  introduced  so  that 
fatigue  might  be  slight. 

Detailed  descriptions  of  the  tests  and  methods  used  have  been  pub- 
lished elsewhere.    It  will  be  sufficient  here  to  characterize  them  briefly. 

1.  Station:  Standing  erect  for  two  minutes  with  the  least  possible 
swaying  at  the  vertex ;  eyes  closed,  feet  in  V  position.^ 


8.  Miles:    Static  Equilibrium  as  a  Useful  Test  of  Motor  Control,  J.  Indust. 
Hyg.  3:316,   1922,  p.   186. 
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2.  Finger  movement:  Alternate  flexion  and  extension  of  a  finger 
at  maximum  speed  for  ten  seconds.^ 

3.  Eye  movement :  Speed  in  looking  successively  back  and  forth 
from  one  mark  to  another  while  the  eye  is  being  photographed.^'^ 

4.  Eye  reactions :  Quickness  of  turning  the  eye  to  a  new  point  of 
regard  as  to  a  flash  sign  that  unexpectedly  illuminates.^^ 

5.  Pursuit  coordination :  Catching  in  a  narrow  cup  liquid  that  is 
expelled  from  a  swinging  pendulum. ^^ 

The  results  in  these  five  tests  are  briefly  presented  in  the  same  order 
as  above. 

1.  A  group  of  twenty-seven  normal  adults,  sixteen  men  and  eleven 
women,  of  widely  varying  ages,  weights  and  statures,  gave  an  average 
of  740  mm.  in  the  station  test.  This  value  represents  the  sum  for  all 
the  swaying  movements,  front,  back,  left  and  right,  during  a  period  of 
two  minutes  standing  with  eyes  closed  and  feet  in  V  position.  Every 
diabetic  tested  swayed  more  than  740  mm.  while  no  normal  adult  did 
as  poorly  as  the  average  for  the  five  diabetics  which  was  1160  mm. 
Accordingly,  they  show  about  50  per  cent,  increase  in  swaying. 

2.  In  this  modified  and  graphic  form  of  the  tapping  test,  thirty 
normal  men  were  able,  on  the  average,  to  execute  66.5  finger  movements 
in  ten  seconds.  With  the  same  apparatus  and  conditions  the  five 
diabetics  average  54.5  movements,  i.e.,  they  wxre  18  per  cent,  slower. 
The  difiference  in  level  between  the  two  groups  is  also  indicated  in  that 
no  diabetic  was  as  fast  as  the  average  for  the  normals,  and  only  one  man 
in  thirty  was  as  slow  as  the  average  for  the  diabetics. 

3.  The  speed  with  Avhich  the  eye  can  move  horizontally  back  and 
forth  between  two  marks  which  are  located  40  degrees  apart  on  the 
arc  of  vision  has  been  found  a  sensitive  measure  in  other  studies. 
Averaging  together  movements  from  left  to  right  with  those  from  right 
to  left  we  find  that  the  five  diabetics  show  a  group  average  of  0.102 
seconds  for  an  eye  movement  of  40  degrees.  In  comparison  with  this, 
twelve  normal  men  ^-  at  their  initial  trial  of  this  test  show  an  average 
eye  movement  time  of  0.092  secpnds,  by  which  it  appears  that  the 
diabetics  are  about  11  per  cent  slower.  Both  groups  took  the  test  in 
the  morning  when  they  were  quite  free  from  any  sleepiness. 

4.  The  eye  quickly  turns  in  the  direction  of  any  part  of  the  visual 
field  that  suddenly  moves  or  changes ;  and  the  every  day  experiences  of 
life  cause  this  act  to  be  rather  well  practiced.  In  the  eye  reaction  test, 
the  subject  looked  at  the  center  of  a  dark  screen  which  was  pierced 
with  manv  small  holes,  through  anv  one  of  which  a  light  could  be  made 


9.  Ibid  p.  184. 

10.  Ibid.  p.  159. 

11.  Miles:    A   Pursuit   Pendulum.   Psvchol.   Rev.  27:361,   1520. 

12.  Ibid.  p.  619. 
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appear  suddenly.  The  photographic  record  showed  the  elapsed  time 
from  the  moment  the  light  was  turned  on  until  the  subject's  eye  began 
to  turn  toward  it.  Quite  a  number  of  trials  were  invariably  made  on 
each  person  tested.  Twelve  normal  men  gave  an  average  eye  reaction 
time  of  0.237  seconds  while  the  five  diabetics  show  0.254  seconds,  which 
is  thus  slower  by  only  7  per  cent. 

5.  It  requires  rapid  and  accurate  coordination  of  eye  and  hand  to 
catch  liquid  expelled  in  a  stream  of  one-eighth  inch  diameter  from  the 
tip  of  a  pendulum  which  swings  through  a  horizontal  distance  of  70  cm. 
in  1  second,  the  mouth  of  the  cup  being  six-eighths  of  an  inch  in  dia- 
meter. But  everyone,  even  small  children,  can  do  something  at  the  test. 
A  single  trial  in  this  case  consisted  in  catching  the  liquid  expelled  during 
one  double  swing  of  the  pendulum  and  the  whole  test  comprised  twenty- 
five  such  trials.  A  group  of  fifteen  men  and  ten  women  at  their  first 
performance  caught  a  total  average  of  378  c.c.  out  of  a  possible  1250 
c.c.  As  against  this,  our  five  diabetics  averaged  291  c.c,  which  is  poorer 
by  23  per  cent.  So  far  as  is  known,  the  diabetics  were  not  at  any 
disadvantage  in  the  tests  which  were  made  at  the  Nutrition  Laboratory. 
In  all  of  the  tests,  they  seemed  to  do  definitely  poorer  than  the  so-called 
"normal"  subjects  who  we  felt  could  reasonably  be  compared  with  them. 
The  five  diabetics  who  were  tested  were  all  persons  whom  we  selected 
with  the  impression  that  they  would  do  as  well,  or,  perhaps,  better  than 
the  average  on  account  of  good  intelligence,  education  and  adaptability. 
It  is  altogether  probable  that  another  group  of  five  would  show  some- 
what different  results.  Knowing  the  subjects  thoroughly,  we  feel  that 
results  obtained  in  our  tests  are  probably  characteristic,  although  on 'the 
actual  amount  of  change  we  cannot,  of  course,  be  dogmatic. 

To  what  extent  the  carefully  treated,  severe  diabetic  gradually 
changes  from  year  to  year  is  at  present  only  a  matter  of  surmise.  After 
making  the  tests  just  described,  we  had  an  opportunity  a  full  year  later 
to  test  one  of  the  five  subjects  a  second  time.  This  man,  age  38  years, 
height  189  cm.,  and  weight  51  kg.,  had  kept  himself  constantly  sugar 
free  throughout  the  year  and  had  lived  on  a  daily  intake  of  940  calories. 
His  diabetes  is  of  about  eight  years  standing.  He,  of  course,  did  but 
little  physical  work ;  however,  during  the  day,  he  is  always  dressed  and 
about,  employing  half  his  time  as  a  locksmith.  During  the  year  he  had 
gradually  lost  about  1  kg.  in  weight  but  his  fasting  blood  sugar  was  0.10 
per  cent,  as  compared  with  0.23  per  cent,  one  year  before.  Otherwise 
he  appeared  unchanged.  He  spoke  of  feeling  physical  weakness,  espe- 
cially in  the  knees  at  stair  climbing,  and  of  being  very  sensitive  to  cold. 
Comparing  the  measurements  of  December,  1920,  with  those  made  in 
January,  1922,  we  find  that  in  only  one  test  (station)  did  he  do  as  well 
on  the  latter  date.     In  this  there  seemed  to  be  almost  no  change.     In 
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four  other  tests,  he  showed  some  decrease  in  efficienc}-,  ranging  from 
5  to  27  per  cent.,  judged  on  the  performance  of  his  former  record.  The 
testing  on  the  latter  date  was  done  very  thoroughly  and  occupied  two 
different  mornings  separated  by  two  days  so  that  we  are  quite  confident 
that  the  later  results  do  not  misrepresent  his  condition.  Hence,  we  must 
conclude  that  he  now  shows  a  loss  of  about  10  per  cent,  in  neuromus- 
cular efficiency  as  compared  with  his  condition  a  year  ago. 

DISCUSSION 

We  have  found  objective  justification  for  the  complaints  of  loss  of 
memory  and  of  abiUty  to  concentrate  attention  mentioned  frequently 
by  persons  suffering  from  diabetes.  The  old  and  well  established  mental 
associations,  such  as  are  involved  in  doing  simple  addition  of  numbers 
seem  but  little  influenced.  But  new  tasks  which  demand  immediate 
retention  and  recall,  with  little  reference  to  past  experience,  are  the  ones 
which  suffer  and  at  which  the  patient  finds  himself  below  his  former 
ability.  There  appears  to  be  no  marked  increase  in  the  errors  which 
the  diabetic  makes  in  his  work  as  compared  with  the  normal  person  but 
rather  a  loss  of  speed,  a  decrease  in  the  span,  or  amount  that  can  be 
grasped  at  one  time.  That  the  change  is  chiefly  in  the  nature  of  a 
retardation  of  the  neuromuscular  processes  is  indicated  by  those  tests 
which  more  especially  involved  the  muscles.  In  these  we  have  found 
that  the  eye  requires  more  time  to  turn  and  to  react ;  that  the  fingers 
cannot  make  as  many  taps  in  a  given  interval,  nor  can  the  hand  as 
accurately  pursue  a  moving  object.  To  what  extent  this  retardation 
may  be  due  to  discouragement  or  mental  depression  on  the  one  hand  or 
specifically  to  the  diabetes,  as  such,  on  the  other,  it  is  impossible  to  state. 
If  we  had  available  similar  observations  for  groups  of  patients  suffering 
with  other  diseases  it  would  be  possible  to  more  satisfactorily  make  an 
appraisal  of  the  influence  of  diabetes  as  compared  with  other  conditions. 
There  is  clear  evidence  that  with  treatment,  most  of  the  individuals 
tested  showed  rapid  improvement  on  the  psychological  side. 

If  we  say  that  the  diabetic  is  below  normal  in  his  neuromuscular 
efficiency,  it  may  also  be  pointed  out  that  few  persons  work  to  the  limit 
of  their  powers,  and  that  few  situations  in  every  day  life  demand  or 
stimulate  the  laboratory  grade  of  performance.  While  memory  span 
and  muscle  movement  speed  are  of  fundamental  importance  for  the 
activities  of  life,  still  there  is  a  rather  wide  margin  and  undoubtedly 
very  many  diabetic  individuals  will  be  able  to  do  as  much  light  physical 
or  mental  work  as  is  actually  done  by  many  normal  men  and  women. 
In  other  words,  while  the  diabetic  is  not  at  all  fitted  for  racing  in  top- 
notch  competition,  still  he  is  fairly  well  off  for  living  comfortably  and 
usefully. 
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It  was  found  in  the  Nutrition  Laboratory  researcli  on  the  effects 
of  low  diet  that  men  Hving  on  one  half  to  two  thirds  of  their  normal 
ration  were  able  to  do  their  college  work  and  in  some  cases  make  even 
higher  grades  than  before  so  it  is  quite  possible  that  many  diabetics  will 
not  experience  from  a  reduced  diet  any  marked  change  in  their  ability 
to  perform  their  usual  duties. 

SUMMARY 

1.  Diabetic  patients  frequently  complain  of  poorer  memory  and 
power  of  attention,  but  objective  proof  of  this  has  been  lacking. 

2.  By  certain  psychologic  tests  applied  in  such  cases  as  well  as  to 
suitable  controls  it  was  found  that  diabetic  patients  with  hyperglycemia 
and  glycosuria  at  the  beginning  of  treatment  show  a  decrement  of  about 
15  per  cent,  or  more  in  memory  and  attention  tasks.  The  loss  is  in 
amount  rather  than  in  quality. 

3.  With  treatment  the  diabetic  improves  rapidly  in  his  psychologic 
status,  approaching  but  not  quite  reaching  normal. 

4.  In  accuracy  and  quickness  of  movements  five  treated  diabetics, 
each  case  of  long  duration,  were  20  per  cent,  below  normal. 


EXPERIMENTAL    OBSERVATIONS     ON     THE     LOCAL- 
IZATION    OF     THE     PAIN     SENSE     IN     THE 
PARIETAL    AND     DIAPHRAGMATIC 
PERITONEUM 

JOSEPH    A.    CAPPS,    M.D.,    axd    GEORGE    H.    COLEMAN,    AI.D. 

CHICAGO 

Pain  is,  perhaps,  the  most  important  evidence  on  which  we  base 
our  interpretation  and  diagnosis  of  abdominal  disease.  So  whatever 
contribution  may  be  made  to  the  better  understanding  of  abdominal 
pain,  its  origin,  nature,  and  localization,  is  of  direct  interest  to  the 
clinician. 

Our  present  knowledge  of  sensation  in  the  abdomen  and  its  viscera 
is  due  largely  to  the  careful  and  ingenius  observations  during  laparo- 
tomies of  Lennander  ^  and  Sir  James  Mackenzie.-  These  observers 
are  agreed  that  the  hollow  viscera  and  omentum  give  no  sensation 
response  to  heat  or  cold,  to  cutting  or  clamping. 

Lennander  found  that  the  parietal  peritoneum  was  sensative  to 
irritation,  especially  when  inflammation  was  present.  This  pain  sense 
he  explained  by  the  rich  supply  of  cerebrospinal  nerves  to  the  parietal 
peritoneum  and  its  subserosa,  in  contrast  to  the  sympathetic  nerve 
supply  of  the  insensitive  viscera.  From  these  premises  he  contended 
that  all  visceral  pain  was  the  result  of  inflammation  and  traction  on 
the  parietal  peritoneum.  Ross,^  however,  has  furnished  convincing 
proof  of  a  true  visceral  pain -(splanchnic)  induced  by  tension  of  the 
hollow  organs,  and  in  addition  to  this  the  somatic  pain  originating  in 
a  sensitization  of  the  posterior  spinal  roots  and  a  radiation  of  painful 
sensations  along  the  course  of  the  corresponding  spinal  nerves  to  the 
skin  and  deeper  tissue  layers. 

The  peritoneal  membrane  lining  the  abdominal  wall  has  received 
less  attention  from  experimenters  than  the  viscera,  while  the  peritoneum 
covering  the  under  surface  of  the  diaphragm,  because  of  its  inacces- 
sibility has  remained  almost  ''terra  incognita"  to  the  surgical  explorers 
who  have  been  interested  in  charting  areas  of  sensation  by  direct 
experimental  methods.  All  animal  experiments  on  pain  are  open  to 
serious  criticism  of  results  obtained  and,  in  any  event,  are  far  less 
trustworthy  than  experiments   on  human  beings. 

The  parietal  peritoneum  in  the  immediate  vicinity  of  laparotomy 
incisions  made  under  cocain  anesthesia  has  been  tested  for  pain  with 


1.  Lennander,  K.  G.:    Mitt.  a.  d.  Grenzgeb.  d.  Med.  u.  Chir.  21:125,  1910. 

2.  Mackenzie,  J. :    Symptoms  and  Their  Interpretation,  London,  1909. 

3.  Ross,  J.:    Brain  10:350,  1888. 
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somewhat  conflicting  conclusions.  For  example,  Lennander  finds  pam 
sense  in  the  parietal  peritoneum  and  the  neighboring  serosa.  Mackenzie, 
working  under  similar  conditions,  believes  that  the  parietal  peritoneum 
is  without  sensation,  but  that  the  pain  sense  is  acute  in  the  subserosa 
lying  just  outside  the  peritoneum.  This  view  is  also  supported  by 
Hertzler.* 


IfJClSJOM  InC(S/oM. 


peritoneum    (solid  line),    (Ramstrom). 

Subsequently.  Ramstr6m.=  the  celebrated  ^"^l^'-'^utLZer 
series  of  experiments  in  this  region  m  cooperat.on  ^^^ ^^^^^^. 
Ramstrom  had  already  demonstrated  the  presence  of  the  Vater  facm, 
bodTesTn  the  anterior  portion  of  the  parietal  peritoneum  and  proposed 
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to  test  this  membrane  for  "pressure  sense,"  which  was  supposed  to 
be  the  specialized  function  of  these  nerve  structures.  The  method 
of  the  procedure  is  illustrated  in  Figure  1.  After  the  incision  was 
made  through  the  abdominal  wall  under  cocain,  the  neighboring  peri- 
toneal covering  of  the  wall  was  tested  for  sensation  by  inserting  a 
rubber  glove  covered  finger  and  by  a  flat  spatula,  with  varying  degrees 
of  pressure.  He  also  used  hot  and  cold  instruments.  He  found  that 
light  pressure  produced  no  sensation;  strong  pressure  set  up  a  cramp- 
like pain ;  cutting  the  parietal  .peritoneum  caused  a  stitchlike  pain. 
There  was  no  response  whatever  to  temperature  changes.  Ramstrom 
concludes  that  the  parietal  peritoneum  has  no  pressure  sense  ("Druck- 
sinn")  and  that  the  Vater-Pacini  bodies,  therefore,  are  not  specialized 
structures  for  this  sensation.  Also,  the  sense  of  heat  and  cold  is  lacking. 
Finally,  the  parietal  peritoneum  is  richly  endowed  with  pain  sense. 
The  chief  purpose  of  our  experiments  was  to  determine  the  localization 
of  pain  from  stimulation  of  the  parietal  and  diaphragmatic  peritoneum. 


Fig.  2. — Schematic  drawing  to  illustrate  method  of  procedure.  A.  Air  in 
abdominal  cavity.  B.  Abdominal  viscera  depressed  by  the  air.  C.  Cannula  or 
trocar  through  abdominal  wall  (E),  into  abdominal  cavity.  Trocar  freely 
movable  in  all  directions.     D.  Diaphragm.     W  and  W.  Wires  used  in  testing. 


PERSONAL     OBSERVATIONS 

Our  experiments  were  carried  out  by  a  method  previously  employed 
by  one  of  us  in  the  study  of  sensation  in  the  pleural  cavity.  After 
partially  anesthetizing  the  skin  with  ethyl  chlorid,  a  trocar  is  inserted 
through  the  abdominal  w^all  until  the  end  moves  about  freely.  The 
point  is  withdrawn  and  through  the  cannula  is  passed  a  long  silver 
wire,  one  end  beaded  and  smooth,  the  other  end  relatively  sharp. 
Each  end  is  slightly  curved  in  order  that  it  may  more  easily  be  brought 
in  contact  with  the  abdominal  wall.  In  our  earlier  experiments  patients 
with  ascites  were  chosen  because  the  fluid  distended  the  wall  and 
facilitated  exploration.  Recently,  how^ever,  we  have  employed  the 
method  of  injecting  air,  which  has  proven  harmless  in  the  hands  of 
the  roentgenologists.  As  will  be  seen  in  Figure  2  the  air  forces 
the  hollow  viscera  to  the  bottom  of  the  cavity,  leaving  a  large  domelike 
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area  free  for  testing.  The  air  also  fills  the  subphrenic  spaces  and 
permits  the  passage  of  the  wire  to  the  under  surface  of  the  diaphragm, 
a  region  not  accessible  in  ascites. 

PROTOCOLS 

Experiment  1  (Fig.  3). — Observations  were  made  during  drainage  of  ascites 
in  a  case  of  cirrhosis  of  the  liver.  The  wire  end  came  in  contact  with  the 
viscera  without  causing  sensation.  Several  points  on  the  parietal  peritoneum 
were  touched  from  3  to  5  inches  lateral  and  above  the  cannula  with  enough 
pressure  to  locate  the  tip  by  the  observer's  touch.  The  patient  complained  of 
"pain  like  a  needle  puncture"  and  with  eyes  closed  localized  the  spot  by 
touching  the  skin  with  the  end  of  his  finger.  The  patient's  localization  was 
usually  a  little  below  the  actual  point  of  irritation,  but  always  within  a  radius 
of  one-half  inch.  Pressure  toward  the  flanks  against  the  parietal  wall  caused 
a  more  diffuse  pain. 


Fig.  3. — Experiment  1.  Showing  areas  of  parietal  peritoneum  stimulated 
by  a  wire  passing  through  cannula,  '^actual  point  stimulated;  +^  local- 
ization of  pain  by  patient;  arrows  show  direction  of  wire. 


Experiment  2  (Fig.  4). — Patient  with  ascites.  Wire  passed  along  parietal 
wall  in  direction  of  arrows.  Beaded  wire  end  caused  no  feeling  unless  tip  was 
pressed  with  considerable  force.  Rough  end  caused  pain  at  points  indicated 
of  sharp  character  and  localized  by  patient  in  close  proximity  to  the  point  of 
contact. 

Experiment  3  (Fig.  5). — Case  of  ascites.  Beaded  end  of  wire  entangled  in 
viscera  caused  cramplike  pain  on  movement,  but  none  by  superficial  contact. 
Rough  end  of  wire  followed  the  parietal  wall  freely  for  some  distance  on 
both  sides  and  above  the  navel.  Contact  with  slight  pressure  or  gentle  move- 
ment over  the  parietal  peritoneum  produced  sharp  pain  which  the  patient 
localized  with  remarkable  precision  close  to  the  actual  site  of  stimulation. 

Experiment  4  (Fig.  6). — Ascites  from  cirrhosis  of  liver.  Conditions  favor- 
able to  free  exploration  with  wire.  Localization  by  patient  always  within 
three-quarters  inch  of  point  stimulated. 
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Fig-  4.— Experiment  2. 


Fig.  5.-E> 


xpenment  3. 


i 
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Experiment  5  (Fig.  7).  —  Patient  had  early  tuberculous  peritonitis.  No 
fluid  obtained  by  puncture.  Filtered  air  slowly  forced  into  the  cavity  until 
3,000  CO.  had  entered.  The  abdominal  wall  was  thin  and  tympanitic  over  all 
of  the  anterior  aspect  and  well  down  in  the  flanks.  To  prevent  escape  of  the 
air,  a  strip  of  adhesive  tape  was  stretched  over  the  opening  of  the  cannula  and 
the  wire  passed  through  the  tape  into  the  cannula  and  abdominal  cavity.  The 
silver  wire  was  passed  with  ease  along  the  inner  abdominal  wall  in  the  direc- 
tion of  the  arrows,  the  point  being  readily  detected  by  the  palpating  finger  and 
even  with  the  eye.  Slight  pressure  with  the  beaded  point  produced  no  sensa- 
tion. Similar  pressure  with  the  rough  point  caused  a  sharp  pain  like  a  stitch. 
Gentle  lateral  motion  of  the  point  produced  a  similar  and  more  severe  pain. 
The  localization  of  the  pain  liy  the  patient  was  always  within  a  radius  of  one- 
half  inch  from  the  point  irritated. 

Experiment  6  (Fig.  8). — Patient  was  a  thin  subject  with  no  pathologic  con- 
dition of  the  abdomen  except  a  scar  from  a  laparotomy  performed  two  years 
ago  for  removal  of  pus  tubes.  About  4,000  c.c.  of  air  was  introduced.  The 
results    of    irritating   the   parietal    peritoneum    with    the   wire    were    similar    to 


Fig.  6. — Experiment  4. 


tnose  obtained  in  previous  experiments.  When  the  wire  came  in  contact  with 
the  adhesions  beneath  the  scar  and  enough  pressure  exerted  to  produce  dis- 
placement or  stretching,  the  patient  complained  of  a  dragging  painful  sensa- 
tion in  the  region  of  the  scar  tissue. 

Experiment  7  (Fig.  9). — Patient  had  a  very  thin  fat  layer  over  the  abdomen 
and  no  abdominal  disease.  After  puncture,  more  than  4,000  c.c.  of  air  was 
introduced,  with  resulting  tympany  over  the  whole  abdomen  and  even  over 
the  liver  and  spleen.  The  wire  tip  could  be  followed  readily  by  the  eye  as 
it  passed  along  the  inner  wall.  The  localization  of  pain,  was  made  with  the 
same  accuracy  over  the  upper  parietal  peritoneum  as  in  previous  experiments. 
The  wire  could  be  seen  passing  upward  to  the  left  costal  border  until  it 
disappeared  beneath  the  ribs.  About  2  or  3  inches  above  this  point  within  the 
mammary  line  the  beaded  point  came  in  contact  with  the  diaphragm  (central 
portion).  Moderate  pressure  caused  a  sharply  localized  pain  at  a  point  situated 
over  the  middle  third  of  the  trapezius  ridge.  When  the  rough  tip  of  the  wire 
was  brought  in  contact  with  this  region  even  slight  pressure  or  a  lateral 
motion   set   up  pain   of  great   intensity  over  the   spot   in   the   neck.     This    spot 
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Fig.  7. — Experiment  5. 


Fig.  8. — Experiment  6. 
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Fig.  9. — Experiment  7.  Upper  figure  showing  stimulation  of  parietal  peri- 
toneum and  of  the  under  surface  of  the  diaphragm  (A)  with  resulting  referred 
pain  in  neck  (A').  Lower  figure  showing  under  surface  of  diaphragm,  and 
region    (A)    stimulated. 


Fig.    10.  —  Experiment   8.     For   explanation   of   symbols    see   caption    under 
Figure  9. 
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of  referred  pain  did  not  change  its  location  with  shifting  of  the  wire  point 
over  an  area  of  the  diaphragm  2  or  3  inches  in  diameter.  As  the  wire  was 
drawn  down  below  the  costal  border  on  to  the  abdominal  wall  the  pain  in 
the  neck  ceased  and  the  patient  localized  the  pain  over  the  portion  of  the 
abdomen  corresponding  to  the  point  of  wire. 

Experiment  8  (Fig.  10). — The  patient  was  thin,  with  no  abdominal  symp- 
toms. More  than  5,000  c.c.  of  air  was  injected,  creating  tympany  over  anterior 
aspect  of  abdomen  and  high  up  under  the  thorax.  The  rough  end  of  the 
wire  was  passed  along  the  inner  wall  to  the  costal  border,  then  upward  3  or 
4  inches  until  it  came  in  contact  with  the  dome  of  the  diaphragm.  On  the 
slightest  pressure  the  patient  complained  of  sharp  pain  definitely  localized  at 
the  outer  edge  of  the  trapezius  ridge.  This  point  was  tender  to  pressure  over 
the  skin.  Withdrawal  of  the  wire  was  followed  by  slow  cessation  of  the 
pain,  eight  or  ten  seconds  passing  before  its  complete  disappearance.  Later 
contact  of  the  wire  with  the  parietal  peritoneum  an  inch  below  the  costal  border 
produced  pain  close  to  the  stimulated  point. 

Experiment  9  (Figs.  11  and  12).— This  patient  entered  the  hospital  with 
a  marked  pneumoperitoneum,  probably  due  to  perforation  of  a  gastric  ulcer. 
As   shown    in   Figure    11    there   was    a    large   collection    of   gas    separating   the 


Figure  11 


liver  and  spleen  from  the  diaphragm.  As  the  patient  had  no  fever  and  was  not 
very  ill  the  following  experiment  was  carried  out  in  the  erect  position  before 
the  fluoroscopic  screen.  A  trocar  was  inserted  under  the  costal  border  upward 
into  the  air  cavity  over  the  liver.  After  the  removal  of  the  trocar  the  wire 
was  run  through  the  cannula  and  the  escaping  gas  controlled  by  a  rubber 
film.  The  beaded  wire  end  could  now  be  brought  in  contact  at  will  with  the 
greater  part  of  the  under  surface  of  the  diaphragm  and  be  followed  by  the 
eye  while  the  patient  was  asked  to  register  sensation  and  its  location.  A  light 
touch  of  the  beaded  end  or  gentle  stroking  motion  produced  no  sensation 
anywhere.  Firmer  pressure  produced  pain  (Fig.  12).  Over  the  peripheral 
margin,  narrow  anteriorly  and  broad  posteriorly,  the  pain  was  dififuse  and 
referred  to  the  right  costal  border,  the  patient  indicating  the  area  with  his 
hand  placed  transversely  over  the  lower  ribs  and  over  the  right  hypochondrium. 
On  removal  of  the  wire  this  pain  slowly  disappeared.  Over  the  central  portion 
of  the  diaphragm  firm  pressure  elicited  a  sharp  pain  over  the  outer  third 
of  the  trapezius  ridge.  The  patient  indicated  the  spot  with  the  tip  of  his 
finger  and  described  the  sensation  as  "the  wire  sticking  into  my  neck."  The 
patient  complained   if  the  observer  pressed  his   finger   on  the  skin  at  the   spot 
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Fig.  12. — Experiment  9.  Scheinatic  drawing  of  Figure  11.  Upper  figure 
indicates  points  of  stimulation  of  diaphragm  with  wire  (patient  standing  before 
lluoroscopic  screen).  Lower  figure  (schematic  representation  of  lower  surface 
of  diaphragm)  showing  approximate  region  (A),  the  stimulation  of  which 
caused  localized  pain  at  (A')  ;  also  approximate  region  (B),  stimulation  of 
which,  caused  dififuse  pain  in  region   ('B'). 


Fig.  13. — Diagram  of  the  primitive  diaphragm  to  show  the  several  parts 
from  which  it  is  built  up.  (After  Broman.)  (Quain's  Embryology,  p.  243, 
Fig.  298.)  1,  pericardial  part  derived  from  septum  transversum;  2  and  3,  parts 
derived  from  the  mesentery;  4,  4,  parts  derived  from  pleuro-peritoneal  mem- 
branes :  between  these  dorsally  and  the  mesenteric  portions  are  the  nearly 
closed  pleuro-peritoneal  openings;  5,  5,  parts  derived  from  the  body-walls; 
1,  2,  3,  4,  4,  cover  the  cranial  aspect   (upper  surface)  of  the  liver. 
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indicated.      This    pain    also    continued    with    decreasing    intensity    for    several 
seconds  after  the  pressure  was  removed.     When  the  roughened  wire  point  was  j 

used,  the  pain  produced  was  much  more  severe,  although  the  localization  was 
the  same  as  with  the  beaded  point.     After  the  above  observations   were  com- 
pleted the  gas   was   allowed  to   escape   and  the   patient   went   on   to   complete  I 
recovery.  | 

The  penetration  of  the  phrenic  nerve  fibers  into  the  peritoneal  (as 
well  as  the  pleural)  covering  of  the  diaphragm  was  demonstrated  by 
Ramstrom,  although  their  course  could  not  be  followed  with  accuracy. 

The  diagram  of  Quain  ^  (Fig.  13)  shows  that  in  the  embryo  a  part 
of  the  diaphragm  is  a  derivative  of  cervical  myotomes  which  are 
displaced  backwards  as  the  diaphragm  descends  to  its  permanent 
level.  These  myotomes  carry  down  in  their  descent  portions  of  the 
third,  fourth  and  fifth  cervical  nerves,  fusing  into  the  phrenic  nerve 
and  originally  containing  both  motor  and  sensory  fibers.  We  may 
reason  that  the  motor  fibers  continue  their  function  in  activating  the 
diaphragm  muscle,  while  the  sensory  nerves  through  disuse  cease  to 
register  localized  sensations  in  the  diaphragm.  Under  strong  stimula- 
tion, however,  these  afferent  fibers  of  the  phrenic  nerve  retain  their 
ability  to  carry  impulses  to  the  cervical  cord  and  thereby  give  rise  to  j 

referred  pain  in  the  neck. 

The  pain  elicited  from  stimulation  of  the  outer  surfaces  of  the 
diaphragm  is  explained  by  the  known  distribution  of  the  lower  six 
intercostal  nerves  to  the  diaphragm.  Afferent  impulses  through  these 
nerves  to  the  cord  find  expression  in  pain  referred  to  the  abdominal 
wall  and  lower  thorax  which  receive  their  sensory  supply  from  the 
corresponding  cord  levels. 

The  pain  elicited  in  these  experiments,  in  our  judgment,  arises 
from  stimuli  both  in  the  peritoneum  and  the  subserous  tissues.  The 
pain  caused  by  pressure  of  the  smooth  point  Mackenzie  would  attribute 
to  stretching  the  nerves  in  the  subserosa  and  the  pain  from  the  sharp 
point  to  tearing  of  the  delicate  peritoneal  covering  and  penetration 
into  the  sensitive  subserosa.  It  is  easier,  however,  to  assume  that 
both  structures  are  sensitive  since  both  have  the  same  supply  of  cerebro- 
spinal nerves.  It  is  well  to  emphasize  that  the  pain  from  the  parietal 
peritoneum  is  always  direct  and  not  referred  in  contrast  to  that  of 
the  diaphragm. 

SUMMARY 

1.  The  parietal  peritoneum,  and  its  underlying  serosa,  so  far  as 
explored,  namely,  all  the  anterior  median  areas  and  the  lateral  areas 
as  far  as  the  anterior  superior  spines,  are  sensitive  to  pain  from  strong 
pressure  of  a  smooth  point  or  light  pressure  or  lateral  movement  of 
a  rough  point  of  wire. 


6.  Quain:    Anatomy  1:243,  1906. 
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2.  The  pain  elicited  by  stimulation  of  the  parietal  paretoneum  is 
localized  with  considerable  accuracy  by  the  patient,  the  error  being 
less  than  one  inch. 

3.  Our  observations  confirm  the  conclusions  of  Ramstrom  and 
Lennander  that  the  parietal  peritoneum  is  devoid  of  pressure  sense. 

4.  The  peritoneum  covering  the  diaphragm  is  devoid  of  pressure 
sense  as  applied  by  light  contact  or  stroking  of  a  beaded  wire  point. 
But  to  strong  pressure  with  a  beaded  point  or  light  contact  with  a 
rough  point  it  is  acutely  responsive  to  the  sense  of  pain. 

5.  The  localization  of  pain  from  stimulation  of  the  diaphragmatic 
peritoneum  is  never  in  the  diaphragm  itself.  It  is  always  referred  to 
some  distant  part.  Stimulation  of  the  outer  margin  causes  diffuse 
pain  over  the  lower  costal  region  and  subcostal  abdominal  wall.  Stimu- 
lation of  the  central  portion  produces  pain  over  a  sharply  limited 
point  somewhere  along  the  trapezius  ridge.  These  impulses  are  doubt- 
less carried  by  afferent  fibers  of  the  phrenic  nerve  to  the  cervical  cord 
and  thence  referred  to  the  neck  by  the  sensitized  cutaneous  nerves 
of  the  fourth  cervical  segment.  This  pain  has  not  been  observed  along 
the  course  of  the  phrenic  nerve  itself. 


OSTEITIS     DEFORMANS     IN     MONKEYS* 
E.     P.     CORSON    WHITE,     M.D. 

PHILADELPHIA 

Osteitis  deformans,  or  Paget's  disease,  is  a  chronic  constitutional 
process  usually  involving  all  the  bones  of  the  adult  skeleton.  It  affects 
most  severely  the  bones  of  the  cranial  vault  and  the  long  bones  of  the 
extremities.  In  contrast,  the  small  bones  of  the  face,  hands,  feet  and 
joints  are  little,  or  not  at  all,  involved.  It  is  characterized  by  extensive 
absorption  of  compact  bone  and  an  excessive  production  of  abnormal 
bone  substance,  fibro-osteoid  tissue  which,  while  soft  and  spongy,  shows 
on  roentgen-ray  examination  a  definite  calcification,  and  on  chemical 
analysis  a  high  calcium  and  inorganic  content. 

Paget  ^  described  this  condition  in  1876  in  a  paper  that  is  still  the 
most  impressive  on  record.  Following  his  communication  many  single 
and  groups  of  cases  were  reported,  until  today  approximately  350  cases 
are  on  record.  As  a  fully  developed  entity  it  is  still,  however,  classed 
among  the  rarer  diseases  of  mankind.  Jefferson  Hospital  had  three 
cases  in  30,000  admissions ;  Johns  Hopkins,  three  in  38,000.  When 
advanced,  the  picture  is  so  striking  and  typical  that  it  would  be  impos- 
sible to  overlook  it,  but  early  cases  or  those  with  limited  involvement 
cannot  easily  be  and  probably  are  not  detected.  It  is  very  possible. 
therefore,  that  statistics  do  not  represent  the  prevalence  nor  the  wide 
distribution  of  the  disease.  It  is  for  this  reason  that  I  wish  to  report 
these  cases  in  monkeys. 

Jonathan  Hutchinson  -  found  in  an  old  Eg}'ptian  tomb  a  parietal 
bone  which  grossly  and  microscopically  was  osteitis  deformans.  This 
specimen,  now  in  the  College  of  Surgeons  in  London,  is  probably  the 
earliest  specimen  on  record.  Waterhouse.-^  Paget,"*  Wilks,'^  Goodhart " 
and  others  collected  authentic  cases  in  collections  of  old  bones  in 
museums.  Butlin  '  included  the  Neanderthal  man  as  an  example,  basing 
his  diagnosis  on  the  marked  porosity  of  the  bone,  excessive  development 
of  the  superciliary  ridgess  and  the  deep  depressions  for  the  Pacchionian 
bodies  and  the  blood  vessels. 


*  From  the  Laboratory  of  the  Philadelphia  Zoological  Society. 

1.  Paget:    On   a   Form  of   Chronic   Inflammation   of   Bones.   Med.   Chir.   Tr. 
60:37,  1877. 

2.  Hutchinson,  J.:    Illustr.  Aled.  News  2:177,   1889. 

3.  Waterhouse:    Lancet  1:1215.  1907. 

4.  Paget:     Illustr.  Med.  News  2:181.  1889. 

5.  Wilks:    Tr.  Path.  Soc.  Lond.  20:273,   1868. 

6.  Goodhart:    Quoted  by  Wilks,  Tr.  Path.  Soc.  Lond.  20:273,   1868. 

7.  Butlin:    Lancet   1:519,   1885. 
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Stegmann's  ^  investigation  of  the  bones  of  the  American  Indians  is 
the  only  available  study  of  the  disease  in  savages  or  semisavage  tribes. 
He  found  several  excellent  examples. 

In  lower  animals  the  reports  are  very  few  and  are  not  available  in 
the  original.  The  abstracts  and  references  show  considerable  confusion. 
The  names  osteitis  deformans,  osteoporosis,  osteofibrocystica,  osteo- 
dystrophica  deformans,  osteosarcoma,  leontiasis  ossia,  etc.,  are  used 
almost  interchangeably.  In  1901  Barthelemy  "  described  a  condition, 
"Maladie  du  Son,"  in  horses  in  which  there  was  a  marked  enlargement 
of  the  head  and  of  the  epiphyses  of  the  long  bones.  His  cases  were 
more  allied  to  osteitis  fibrosa  cystica.  Paget's  disease  always  attacks  the 
diaphyses  of  the  bones  and  not  the  epiphyses.  Goldman  ^°  described 
typical  examples  of  this  condition  in  fowls.  Jost  ^^  in  one  communication 
described  a  case  in  a  horse  which  he  says  was  identical  with  that  con- 
dition described  by  Paget  as  osteitis  deformans  and  by  Virchow  as 
leontiasis  ossia.  He  also  refers  to  similar  cases  in  goats  and  monkeys. 
Rossweg  ^^  found  it  in  goats.  In  wild  animals  the  only  suggestive  article 
found  was  by  Jost  ^^  but  the  description  was  probably  of  an  osteoporosis 
and  craniosclerosis  which  occurred  in  a  young  lion  and  a  monkey.  All 
these  communications  deal  with  either  the  domesticated  animal  or 
animals  in  captivity. 

The  etiology  of  this  condition  is  as  obscure  today  as  it  was  at  the 
time  of  Paget's  first  description.  Prince  ^*  thought  it  might  be  due  to  a 
defect  in  some  peripheral  nerve  or  nerve  center,  or  to  a  tract  degenera- 
tion. Cases  have  been  reported  in  conjunction  with  a  myelitis.  There 
has  been  little,  however,  on  which  to  base  these  suppositions.  Heredity 
is  supposed  to  be  active  in  about  7  per  cent,  of  the  cases.  Paget  felt 
that  the  process  was  at  least  on  an  inflammatory  basis.  He  deduced 
this  from  the  enlargement  and  the  excessive  production  of  an  imper- 
fectly developed  structure  with  increased  blood  supply.  Many  felt  that 
rickets,  osteomalacia  and  osteitis  deformans  were  all  manifestations  of 
the  same  disease.  A  bacterial  cause  was  proi)osed  by  Arcangelli,''"  who 
claimed  the  discovery  of  a  diplococcus  and  improvement  from  a  vaccine. 
Lancereaux  and  Richards  ^''  felt  that  focal  infection  played  a  profound 
role  in  the  etiology.  However,  all  other  observers  fail  to  isolate  an 
organism  from  the  bones  or  to  get  improvement  from  removal  of  foci. 
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The  more  interesting  theories  go  back  to  perversions  of  internal  secre- 
tions, pituitary,  parathyroid,  etc.  Higbee  and  ElHs  ^^  say,  in  relation  to 
the  neurotrophic  theory,  that  "if  the  neurotrophic  mechanism  governs 
metabolism  and  is  influenced  by  the  activity  of  the  ductless  glands,  there 
is  considerable  likelihood  that  its  disturbance  may  be  found  to  be  the 
cause." 

Da  Costa  ^^  believes  the  disease  to  be  a  disorder  of  bone  metabolism 
probably  dependent  on  the  absence  or  perversion  of  some  internal 
secretion.  There  is  much  evidence  on  hand  to  prove  that  disorders  of 
the  ductless  glands  do  influence  bone  metabolism,  and  changes  in  these 
glands  have  been  reported  in  cases  of  Paget's  disease,  although  the 
findings  and  lesions  have  been  far  from  uniform  or  distinctive,  and  have 
not  been  confined  to  one  gland.  Eight  cases  were  reported  as  possibly 
being  hypothyroid  conditions ;  pituitary  changes  were  found  in  three ; 
suprarenal  changes  in  one ;  parathyroid  reported  missing  in  two ;  three 
had  sclerotic  thyroids.  Many  reports  make  no  mention  whatever  of 
the  glands  of  internal  secretion. 

Da  Costa  interprets  the  retention  of  calcium,  phosphorus  and  mag- 
nesium, with  the  sulphur  loss  found  in  these  cases,  as  indicating  a 
stimulated  osseous  or  osteoid  formation,  accompanying  the  resorption 
of  a  highly  sulphurized  organic  matrix.  In  the  course  of  this  calcifica- 
tion procedure,  he  supposes  that  a  certain  quota  of  the  sulphur  of  the 
matrix  is  replaced  by  other  elements,  a  process  which  must  entail 
retention  of  j:alcium,  phosphorus  and  magnesium,  and  increased  elimina- 
tion of  sulphur.  He  shows  the  close  parallelism  between  the  mineral 
metabolism  of  a  growing  boy,  a  case  after  parathyroidectomy,  and  a 
case  of  osteitis  deformans,  and  suggests  that  this  depends  in  some  way, 
either  on  the  absence  or  on  the  perversion  of  some  internal  secretion, 
possibly  the  parathyroids,  which  controls  calcium  exchange  in  the  body. 
From  some  cause,  substances  arise  which  have  the  power  to  abstract 
calcium  from  the  body  tissues,  the  abstraction  of  these  salts  being  the 
first  step  in  the  production  of  the  disease.  This  theory  of  Da  Costa's 
most  satisfactorily  describes  the  history  of  the  monkeys  which  we  wish 
to  report. 

REPORT     OF     CASES 

In  the  Laboratory  of  the  Philadelphia  Zoological  Society,  among 
6,570  consecutive  postmortems,  three  cases  of  osteitis  deformans  have 
been  found:  (1)  Red  woolly  monkey;  (2)  black  spider  monkey,  (3) 
brown  cebus  monkey.     This  actually  represents  all  cases  giving  even 


17.  Higbee  and  Ellis:    J.  M.  Research  24:43.  1911. 

18.  Da   Costa,  Funk,   Bergeim   and   Hawk :    Publication   from  the  Jefferson 
Medical  College  and  Hospital  6:1,  1915. 
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a  suggestion  of  this  condition,  because  in  the  postmortem  examinations 
in  this  laboratory,  every  skeleton  receives  really  careful  inspection. 

Case  1. — The  first  monkey  received  Nov.  25,  1919,  was  a  patticularly  active 
specimen  and  as  far  as  we  could  determine,  a  perfectly  healthy  adult  animal. 
He  passed  the  tuberculin  test  and  was  placed  on  exhibition.  In  April,  1920,  he 
was  first  reported  as  being  crippled  and  in  June,  1920,  he  was  removed  to  the 
laboratory.  At  that  time  the  long  bones  of  the  legs  and  arms  were  bowed 
anteriorly  and  laterally,  the  degree  of  the  curvature  making  the  hands  and 
feet  seem  disconnected.  The  monkey  could  stand,  but  made  no  voluntary 
effort  to  do  so.  There  was  evidently  some  pain,  although  it  could  not  have 
been  at  all  severe.  He  resented  handling,  especially  of  his  arms  or  legs.  His 
head  was  rounded,  resembling  that  of  a  baby.  His  eyes  were  protuberant,  sug- 
gesting an  exophthalmos.  The  maxillary  bones  were  excessively  thick  so  that 
his  mouth  could  not  close  and  the  monkey  drooled  saliva.  His  blood  on 
admission  to  the  infirmary  in  May  was  :  hemoglobin,  89  per  cent. ;  erythrocytes, 
4,370,000;  leukocytes,  5,800.  One  week  before  death  it  was:  hemoglobin,  54 
per  cent.;  erythrocytes,  2,860,000;  leukocytes,  6,000.  The  carbon  dioxid  com- 
bining power  of  the  blood  (Van  Slyke  method)  was  low,  according  to  human 
standards  approaching  an  avidosis ;  alkali  reserve  (Marriott  method)  also 
confirmed  these  findings  :  they  were  also  noticeably  low  when  compared  with 
apparently  normal  monkeys.  Routine  urine  examination  showed  a  constant 
trace  of  albumin,  hyalin  and  granular  casts,  and  an  excess  of  indican.  There 
was  at  no  time  a  Bence-Jones  protein  reaction.  He  had  a  constant  slight 
diarrhea  with  some  flatulence.  The  semifluid,  constantly  acid  feces  presents 
a  preponderance  of  gram-positive  organisms.  His  appetite  was  fair  and  he 
showed  a  marked  craving  for  lime,  eating  plaster  from  the  walls  when  he  could 
get  it.  Because  of  this  desire  for  lime,  he  was  given  a  salt  mixture  to  see  if  it 
would  have  any  effect  on  the  bone  condition.  The  mixture  was  the  following: 
sodium  chlorid,  0.874  gm. ;  potassium  chlorid,  0.548  gm. ;  calcium  acid  phosphate, 
3.608  gm. ;  calcium  lactate,  0.386  gm. ;  magnesium  citrate,  0.848  gm. ;  potassium 
citrate,  1.953  gm.  This  mixture  the  animal  ate  with  avidity  and  seemed  more 
comfortable  while  taking  it;  other  than  that  no  change  was  noted. 

An  inorganic  metabolism  was  attempted  in  the  ordinary  diet,  and  in  th'e 
diet  plus  the  salt  mixture.  Under  the  conditions  at  our  disposal  this  was  not 
entirely  accurate,  but  showed  such  marked  variation  from  the  normal  osteo- 
malacic animals  rexamined,  and  such 'a  marked  correspondence  on  the  four 
separate  four  day  periods  of  each  intake,  that  it  seemed  acceptable.  The  result 
of  this  investigation  on  the  first  series  of  four  day  periods  was  : 


Intake  Feces  Urine  Total  Retention 

Calcium    0.0280  0.014  0.0022  0.0162        0.0118 

Magnesium    0.0640  0.034  0.0123  0.0463        0.0177 

Phosphorus   0.1540  0.027  0.0430  0.0700        0.0840 

Sulphur  0.1440  0.002  0.1680  0.1700        0.0260  (loss) 

The  result  on  the  higher  salt  content  was  practically  the  same;  the  retention 
proportionately  to  the  intake,  was   slightly   less. 

The  diet  for  these  small  monkeys  is  two  apples,  two  bananas,  six  small  sweet 
potatoes  with  a  lump  of  boiled  rice  about  the  size  of  an  egg.  The  content  of 
this  diet  has  been  found  to  be  very  low  in  calcium,  sodium,  chlorin  and  iron, 
while  the  potassium,  magnesium  and  sulphur  are  high.  To  this  diet  lime 
water  was   added  to   increase   its  inorganic  content. 

The  red  woolly  monkey  died  Aug.  20,  1920,  and  was  immediately  posted. 
There  was  marked  thickening  of  the  frontal,  occipital,  and  parietal  bones,  and 
of  the  upper  and  lower  jaws.  The  increase  in  the  size  of  the  alveolar  margins 
prevented  the  closing  of  the  mouth  ;  only  the  last  four  teeth  could  be  brought 
into  apposition.  The  enlargement  of  the  mandibles  encroached  on  the  capacity 
of  the  mouth  cavity.     The  skull,  while  decidedly  thickened,  did  not  enlarge  at 
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the  expense  of  the  cranial  cavity.  There  was  a  cervical  and  dorsal  kyphosis. 
The  chest  was  increased  anteroposteriorly  and  contracted  laterally.  The  bones 
were  thick,  bulky,  and  deformed. 

Case  2. — The  black  spider  monkey  showed  a  general  hyperplasia  of  the 
whole  shaft  of  the  long  bones.  She  was  much  deformed  by  curvatures  and 
swellings  of  the  skeleton :  head  enlarged,  face  deformed  by  swelling  of  the 
upper  and  lower  alveolar  process,  jaws  did  not  close,  and  the  palatal  bones 
were  flattened,  skull  irregularly  thickened,  elastic  but  not  soft,  slight  sub- 
periosteal growth,  and  a  section  of  the  ulna  showed  a  subperiosteal  osseoid 
layer  surrounding  the  old  shaft.  This  tissue  seemed  to  be  very  poor  in  lime 
salts,  cutting  without  any  grit.  Marrow  cavity  was  filled  with  a  fairly  firm, 
deep  red  marrow  which  did  not  bleed  on  section. 

Case  3. — The  third  monkey,  the  brown  cebus,  showed  exactly  the  same  gen- 
eral picture  but  was  less  severeh'  affected  than  the  other  two. 

PATHOLOGY    IX    BOXES 

The  more  minute  study  of  the  bones  of  these  monkeys  shows  a  variety  of 
pictures  while  preserving  one  general  form.  The  skull  is  smooth,  mottled  by 
irregularly  placed  areas  of  congestion;  it  is  asymmetrically  thickened;  dif- 
ferentiation between  cortex  and  diploe,  and  between  internal  and  external 
tables  is  lost;  calcareous  matter  is  absorbed  and  the  resultant  bone  is  soft, 
elastic,  and  porous;  lacunae  enlarged  and  lined  with  bone  corpuscles  and 
giant  cells.  Other  areas  show  more  dense  bone,  the  reparative  processes 
being  more  active  in  that  the  lamellae  are  wide,  and  the  vascular  spaces  nar- 
row. As  a  rule  the  compact  bone  is  absorbed,  the  Haversian  canals  are  more 
or  less  confluent  and  there  is  generally  a  marked  increase  of  newly  formed 
osteoid  tissue.  The  ossifying  periostitis  obliterates  the  depressions  for  the 
cranial  arteries  and  sutures.  The  skull  cap  becomes  finely  porous,  cancellous 
and  even  cavernous.  The  spaces  are  filled  with  a  soft  red  marrow-like  mate- 
rial. The  bones  at  the  base  of  the  skull  are  much  less  involved;  the  peri- 
cranium, dura,  and  brain  are  normal. 

The  long  bones  show  interlacing  narrow  strands  which  are  in  some  regions 
wide,  in  others  narrow,  or  thin  as  in  spongy  bone.  Large  irregular  cavities 
are  present,  and  there  is  a  disappearance  of  the  compact  bone  and  an  encroach- 
ment on  the  medullar}-  canal  of  a  relatively  dense  new  bone,  with  small 
irregular  trabeculae  surrounded  b}'  osteoblasts  and  a  fibrous  connective  tis- 
sue which  fills  the  outer  trabecular  spates.  The  new  bone  is  often  both  sub- 
periosteal and  myelogenous,  the  latter  frequently  gaining  on  the  former.  It 
is  always  soft  and  irregularly  calcified.  The  general  arrangement  of  the 
strands  in  the  deep  layers  is  longitudinal,  but  in  the  subperiosteal  bone  they 
are  very  irregular  and  almost  at  right  angles  with  the  central  strands.  In 
this  new  osseoid  tissue  cysts  are  frequent,  varying  in  size  from  very  small 
to  rather  large  cavities  filled  with  a  cloudy  gelatinous  material.  The  picture 
here  is  very  like  osteitis  fibrosa  cystica.  Endosteal  cells  proliferate  and  may 
fill  up  the  narrow  spaces  so  that  solid  masses  of  fibrous  tissue  result.  Fre- 
quently the  osteoid  material  shows  fibrillae.  The  compact  bone  may  be  regular 
with  well  marked  Haversian  systems ;  toward  the  periosteum  the  cells  may 
become  scant}-,  the  bone  dense  in  structure,  while  toward  the  interior  the  cells 
are  more  numerous,  and  in  the  more  cancellous  portions  the  trabeculae  become 
slender  and  far  apart ;  here  they  may  be  covered  by  a  single  row  of  osteoblastic 
cells.  The  intertrabecular  spaces  are  large,  irregular  and  filled  with  a  delicate 
alveolar  tissue  containing  only  a  minimal  amount  of  normal  bone  marrow  cells, 
large  capillaries,  and  no  giant  cells.  There  is  no  evidence  of  bone  destruction 
or  unusual  osteoblastic  activity.  Periosteum  may  be  of  usual  thickness  while 
the  bone  immediately  beneath  is  spongy.  The  sclerosis  of  the  bone  in  its 
densest  areas  is  entirely  due  to  the  ossification  of  spindle  cells  which  have 
remained  in  the  place  of  the  original  marrow  of  the  bone.  As  a  whole  the 
bone  is  nowhere  normal  in  amount  or  proportion  but  the  small  Haversian  sys- 
tems   are    properly   made,   the    abnormality   being   chiefly    due   to    cellular    and 
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fibrous  growth  around  the  large  lamellae  which  at  times  is  normal  in  amount 
but  usually  much  in  excess.  In  places  this  consists  wholly  of  fibroblasts,  at 
others   of  f,Mant  and   round  cells,  very   suggestive  of  sarcoma. 

All  histologist.s  apparently  agree  that  Paget's  disease  starts  as  a 
resorption  of  already  calcified  bone.  Von  Recklinghausen  beUeved 
osteitis  deformans  started  as  an  osteomalacia  resulting  first  in  a  marked 
reduction  of  cortex  and  followed  by  an  inflammatory  process  in  the 
osteomalacic  areas,  characterized  by  the  formation  of  fibrous  tissue. 
The  changes  in  Von  Recklinghausen's  disease  are  mostly  regressive  in 
the  fibrous  marrow  with  the  formation  of  gelatinous  cysts  and  also 
progressive  changes  leading  to  the  formation  in  the  large  bones  of  small 
red  brown  tumors  of  the  nature  of  sarcomas,  an  exaggeration  of  the 
process  found  in  Paget's  disease.  The  main  difi'erence  between  Von 
Recklinghausen's  and  Paget's  disease  lies  in  the  changes  in  the  bone 
marrow,  which  are  much  less  severe  in  Paget's  disease. 

Many  of  the  cases  of  Paget's  disease  first  come  under  observation 
for  fractures,  accidents  common  in  osteomalacia  but  very  rare  in 
developed  cases  of  osteitis  deformans.  Early  cases  all  presented  diarrhea, 
which  was  present  in  all  the  early  human  cases  seen,  and  in  all  the  cases 
reported  in  monkeys.  This  symptom  was  mentioned  in  fourteen  of  the 
cases  reported  in  literature.  It  was  also  a  symptom  in  primate  osteo- 
malacia. The  diet  of  these  monkeys  was  exceedingly  low  in  those 
substances  essential  to  bone  development.  Sherman  has  shown  that 
calcium  balance  is  regulated  to  a  certain  extent  by  the  calcium  ingested, 
and  that  when  the  diet  is  poor  in  this  element,  the  output  materially 
exceeds  the  intake,  a  fact  which  is  immediately  changed  when  the  aniirial 
is  put  on  a  diet  high  in  calcium.  As  far  as  we  could  find,  there  are  no 
studies  on  the  mineral  metabolism  of  beginning  cases  of  Paget's  dis- 
ease. It  seems  possible  from  the  osteomalacic  animals  previously 
studied,  that  the  low  mineral  and  otherwise  faulty  content  of  the  diet 
and  the  symptoms  they  produced  might  so  disturb  the  chemical 
equilibrium  directly,  or  through  the  neurotrophic  mechanism,  or  through 
the  perversion  of  the  ductless  glands,  that  the  mere  addition  of  lime 
water  might  entirely  change  the  pathological  picture.  This  is  in  accord 
with  the  histology.  The  initial  histologic  picture  is  always  resorption 
of  bone,  a  general  decalcification,  which  later  presents  an  irregular 
proliferation.  The  disease  then  progresses  along  different  lines  ending 
as  an  osteitis  fibrosa  cystica,  Paget's,  von  Recklinghausen's,  or  other 
disease,  dependent  on  the  strength  and  character  of  the  reparative 
stimulus  and  the  organism  upon  which  it  acts. 

This  is  also  in  accord  with  the  probable  chemistry  of  calcification. 
In  osteomalacic  monkeys  there  is  a  change  in  fecal  bacteria  to  a  type 
producing  much  acid  and  causing  a  probable  drain  on  body  alkalis. 
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I 
There  is  also  a  lowered  alkaline  reserve  and  a  diminished  carbon  dioxid 

carrying  power  of  the  blood.     According  to  Wells/"  calcium  is  carried  ' 

in  the  blood  in  amounts  not  far  from  the  saturation  point,  and  is  held 
in  solution  by  colloids  and  carbon  dioxid  probably  in  the  form  of  an 
unstable  double  salt  of  calcium  bicarbonate  and  dicalcium  phosphate. 
The  reduction  of  carbon  dioxid  in  any  area,  or  some  unknown  agency 
causes  the  precipitation  of  the  calcium  salts.  The  lowered  carbon  dioxid 
carrying  power  of  the  blood  was  present  in  one  monkey  when  the  heavy 
calcium  content  of  diet  was  started,  and  other  conditions,  as  the  acid 
diarrhea,  were  present  which  very  probably  constantly  drained  the  fixed 
alkalis  of  the  body. 

These  cases  are  of  interest:  (1)  because  they  are  typical  examples 
of  Paget's  disease  as  it  has  been  described  in  man  both  clinically  and 
pathologically;  (2)  because  they  show  the  same  general  type  of  inor- 
ganic metabolism  that  was  exhibited  in  man;  (3)  because  of  the  alkali 
hunger  shown  by  one  of  the  monkeys  and  by  two  human  cases,  a  hunger 
which  was  severe  and  which  preceded  the  deformity  and  disappeared 
after  the  deformity  was  established,  (4)  because  the  disease  developed 
in  animals  fed  on  a  diet  insufficient  in  its  inorganic  and  vitamin  content,  i 

to  which  an  excess  of  calcium  was  added.  j 

From  this  study  it  seems  possible  that  Paget's  disease  may  be  just  I 

one  stage  in  a  deficiency  disease.    It  may  be  a  reparative  response :     ( 1 )  I 

through  a  disordered  neurotrophic  mechanism,  (2)  through  the  perver- 
sion of  the  calcium  governing  glands  which  have  been  disordered  by  an 
improperly  balanced  diet,  or  (3)  through  the  addition  of  an  excess  of 
calcium  to  the  diet  of  an  animal  whose  body  fluids  were  unable,  through 
previous  faulty  diet  or  other  disorders,  to  hold  it  in  solution. 


19.  Wells:  Chemical  Pathology,  Philadelphia,  W.  B.  Saunders  Company,  1918. 


CHOLERA    ACIDOSIS     AND     ITS     THERAPY* 
M.    TSURUMI,    M.D.,    and    T.    TOYODA,    M.B. 

DAIREN,     MANCHURIA 

Acidosis  is  now  generally  known  to  be  present  in  various  diseases, 
such  as  diabetes,  nephritis,  uremia,  and  when  violent  diarrhea  and  vomit- 
ing occur  clinically,  there  is  also  a  rapid  decrease  in  the  body  fluids. 
In  most  cases  of  cholera,  the  victim  falls  into  a  state  of  temporary 
inanition,  and  in  consequence  of  the  action  of  the  toxin  on  the  kidneys, 
so-called  cholera  nephritis  very  often  develops.  The  decrease  of  blood 
alkali  and  the  accumulation  of  acid  in  the  body,  make  the  existence 
of  acidosis  a  certainty. 

Sellards  noted  the  remarkable  tolerance  of  the  urine  to  alkali,  while 
Rogers  observed  a  notable  decrease  of  alkali  in  the  blood. 

During  the  cholera  epidemic  of  last  year,  529  cases  were  treated  in 
the  Dairen  Isolation  Hospital.  Owing  to  a  lack  of  apparatus  Van 
Slyke's  method  for  the  determination  of  acidosis  could  not  be  employed. 
Traube's  quinin  method  was  resorted  to  instead,  and  the  stalagmometer 
was  employed.  Placing  the  blood  plasma  to  be  tested  in  a  solution  of 
hydrochlorate  of  quinin  liberates  the  quinin  through  the  action  of  the 
alkali  in  the  plasma,  and  the  quinin  so  liberated  will  lower  the  surface 
tension  of  the  solution  so  that  it  assumes  a  form  somewhat  resembling 
colloid  and  possesses  a  large  molecular  weight.  Some  of  the  mixture 
is  allowed  to  drip  by  means  of  a  stalagmometer,  and  the  amount  o'f 
alkali  in  the  blood  is  determined  by  the  number  of  drops.  The  greater 
the  amount  of  alkali  present,  the  low'er  is  the  surface  tension  of  the 
mixture,  and,  also,  the  greater  the  number  of  drops.  On  the  contrary, 
if  the  number  of  drops  is  small,  it  is  assumed  that  the  alkali  in  the 
blood  is  lessened,  which  state  is  termed  acidosis. 

The  stalagmometer  we  used  delivered  55.9  drops  of  distilled  water 
at  20  C.  with  the  maximum  range  of  about  0.1  drop.  As  a  difference 
of  0.15  drop  was  found  to  correspond  to  a  rise  or  fall  of  1  C,  the 
number  of  drops  obtained  from  the  experiment  was  calculated  as  for 
a  temperature  of  20  C. 

DETERMINATION     OF     ACIDOSIS     IN     CHOLERA     CASE 

1.  Determination  of  Alkali  in  the  Blood  of  a  Person  in  Good  Health. 
— Five  young  men  and  five  young  w^omen,  all  in  good  health,  were 
tested  for  blood  alkali  between  3  and  4  p.  m.  An  average  of  68  drops 
(with  68.6  for  the  highest  and  67.5  for  the  lowest)  was  obtained. 


*  From  the  Dairen  Isolation  Hospital. 
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Although  the  number  of  instances  is  too  few  to  be  used  as  a  control, 
the  average  obtained  was  thought  to  be  near  enough  to  the  average  of 
69  drops  obtained  by  Onodera  in  200  cases. 

2.  Determination  of  Alkali  in  the  Blood  of  Cholera  Cases. —  Forty- 
nine  cases  of  cholera  subjected  to  the  alkali  test  (including  two  cases  in 
which  cholera  vibrios  were  not  found)  were  divided  into  three  classes: 
(1)  mild,  (2)  medium  and  (3)  severe — according  to  the  conditions 
present  at  the  time  of  withdrawing  the  blood,  which  was  just  after 
their  admission  to  the  hospital.  All  the  patients,  except  two,  were 
young  adults.  The  exceptions  were  aged  12  and  16  years,  respectively. 
(a)  Nineteen  mild  cases  (none  resulting  fatally)  gave  an  average  of 
67.9  drops,  showing  little  decrease  from  the  average  of  68  drops  for 
normal  persons.  This  indicates  that,  as  far  as  the  alkali  in  the  blood 
is  concerned,  there  is  but  little  difference  between  mild  cases  of  cholera 
and  normals.  (Z?).  Eleven  medium  cases  (including  one  fatal  case) 
gave  the  average  of  67.7  drops,  being  less  by  0.3  drop  than  for  normals. 
However,  it  can  hardly  be  said  that  any  considerable  decrease  in  alkali 
in  the  blood  was  observed  in  these  cases,  (c)  Among  nineteen  severe 
cases  (including  thirteen  fatal  cases)  with  an  average  of  67  drops, 
seventeen  showed  a  remarkable  decrease,  the  average  being  66.6  drops, 
being  1.4  drops  less  than  for  the  average  for  normals.  It  may  be  added 
that  most  cases  below  66  drops  ended  fatally.  In  other  words,  the 
decrease  in  the  number  of  drops  appeared  to  have  some  definite 
relationship  to  the  prognosis. 

3.  Alkali  Injection  and  Niunhcr  of  Drops. — The  alkali  used  was 
sodium  bicarbonate.  It  was  dissolved  in  saline  solution  up  to  from 
25  to  30  per  cent.,  sterilized,  and  from  500  to  1,000  c.c.  of  this  solution 
was  injected  intravenously.  This  injection  was  performed,  when 
possible,  immediately  after  or  within  a  few  hours  after  the  patient's 
admission  to  the  hospital.  After  the  blood  alkali  has  been  determined, 
the  operation  was  repeated,  if  necessary.  These  determinations  of  the 
alkali  were  made  at  intervals  of  one  hour,  one  day,  or  several  days.  Of 
the  twenty-seven  cases,  the  number  of  drops  or  the  alkali  in  the  blood 
were  increased  in  fifteen;  the  alkali  was  decreased  in  eight,  and  no 
change  was  noted  in  three. 

When  more  injections  were  given,  the  increase  in  alkali  was  greater. 
Therefore,  in  many  cases,  the  injection  of  the  sodium  bicarbonate  solu- 
tion caused  a  temporary  or  a  permanent  increase  of  alkali  in  the  blood, 
and  an  improvement  in  the  patient's  condition. 

Why  did  the  number  of  drops  decrease  after  the  injection  in  certain 
cases  ?  Probably  because  the  acid  generated  in  the  body  was  present  in 
such  large  quantity  that  even  the  injection  of  alkali  did  not  cause  a 
notable  increase  in  the  blood  alkali. 


TSURUMI-TOYODA— CHOLERA    ACIDOSIS  799 

TREATMENT     OF     CHOLERA 

1.  Injection  of  Sodium  Bicarbonate  Sali)ic. — There  is  no  disputing 
the  efficacy,  to  a  certain  degree,  of  the  injection  of  immune  serum  and 
saHne,  but  it  is  far  from  satisfactory.  As  stated,  in  cases  of  cholera, 
especially  severe  ones,  the  blood  alkali  decreases  remarkably,  causing  the 
appearance  of  acidosis.  Therefore,  the  injection  of  alkali,  for  instance, 
sodium  bicarbonate  saline,  is  rational  therapy.  The  amount  of  alkali 
in  the  blood  and  the  clinical  symptoms  may  be  considered  to  parallel 
each  other,  as  a  rule.  In  other  words,  the  more  the  alkali  increases, 
the  greater  improvement  in  the  patient's  condition.  In  cases  which 
ended  fatally,  even  the  use  of  alkali  in  large  quantities  could  not  pre- 
vent the  blood  alkali  from  decreasing  sharply,  the  urine  being  strongly 
acid,  showing  an  increase  of  tolerance  for  alkali. 

The  mortality  among  those  patients  who  received  the  sodium 
bicarbonate  and  among  others  who  did  not  was  as  follows :  Cases  treated 
with  sodium  bicarbonate  saline,  forty-nine ;  fourteen  deaths,  or  28.4 
per  cent,  mortality.  Cases  treated  with  saline  or  serum-therapy  or 
both,  480 ;  205  deaths,  or  42.7  per  cent,  mortality. 

Making  due  allowance  for  the  great  difference  in  the  number  of 
cases  of  the  two  groups,  the  death  rate  in  the  first  group  was  14.3 
per  cent,  lower  than  the  death  rate  in  the  second  group.  There  is 
reason  to  believe  that  this  lowering  of  the  mortality  rate  can  be  carried 
still  further.  It  is  specially  noteworthy  that  none  of  the  patients  sub- 
jected to  the  alkaline  therapy  died  of  the  choleraic  stupor  or  of  uremia. 

2.  Lack  of  Chlorids  in  the  Body. — Quantitative  tests  for  chlorids  iji 
the  urine,  were  made  by  Moore's  method  in  ten  cases  and  showed  that 
the  quantity  of  chlorid  decreased  markedly  as  the  patient's  condition 
reached  a  very  serious  stage,  and  increased  as  he  improved,  gradually 
reaching  the  physiologic  state.  The  quantity  of  chlorid  contained  in 
the  urine  of  a  healthy  person  is  about  1  gm.  In  our  patients,  the 
average  was  only  0.2  gm.  on  the  second  day  of  the  disease,  0.4  gm.  on 
the  fifth  day,  and  0.5  gm.  on  the  ninth  day. 

It  may  be  assumed  that  when  the  blood  chlorid  is  not  measured,  its 
accumulation  in  the  body  must  be  reckoned  with.  However,  when  it 
is  remembered  that,  according  to  Rogers,  the  blood  chlorid  of  cholera 
patients  is  below  the  average  normal,  the  injection  of  saline  as  a  cure 
is  based  on  rational  grounds.  Nevertheless,  to  prevent  the  removal 
of  the  saline  injected  it  seems  rational  to  use  hypertonic  saline,  from 
1  to  1.2  per  cent,  above  the  physiologic  percentage. 

SUMMARY' 

1.  The  alkali  content  of  the  blood  in  mild  cases  of  cholera  is  prac- 
tically the  same  as  in  health.  But  in  the  severer,  and  especially  in  the 
very  serious  cases,  a  marked  decrease  of  alkali  is  observed,  leading 
to  acidosis. 


s 


800  ARCHIVES    OF    INTERNAL    MEDICINE 

2.  By  the  injection  of  alkali,  the  blood  alkali  in  cholera  cases  is 
generally  increased  temporarily  or  permanently ;  that  is  to  say,  the 
number  of  drops  by  the  stalagmometer  (according  to  Traube's  method) 
increases.  The  occasional  decrease  of  the  number  of  drops  is  believed 
to  be  due  to  the  increased  acid  produced  in  the  body  and  to  the 
great  increase  of  tolerance  to  alkali  in  consequence  of  acidosis  in  an 
acute  form. 

3.  The  mortality  after  the  injection  of  sodium  bicarbonate-saUne 
in  forty-nine  cases  was  28.4  per  cent.,  while  the  mortality  in  480  cases 
in  which  no  alkali  was  given,  but  instead  saline,  or  serum,  or  both, 
was  42.7  per  cent.,  a  difference  in  favor  of  alkaline  therapy  of  14.3 
per  cent. 


OBSERVATIONS     ON     VITALLY     STAINABLE     RETIC- 
ULATION    AND     CHROMATIC    GRANULES     IN 
ERYTHROCYTES     PRESERVED     IN     VITRO* 

O.     H.     PERRY     PEPPER,     M.D. 
piiiL.\ni:LPHiA 

These  observations  were  made  with  tlie  object  of  determining 
whether  the  vitally  staining  reticulation  of  young  erythrocytes  persists 
or  is  lost  in  blood  preserved  in  vitro.  In  this  manner  it  was  hoped 
to  gain  some  further  information  concerning  the  effect  of  such  preserva- 
tion on  the  erythrocyte  from  the  point  of  view  of  the  value  of  such 
cells  for  transfusion  purposes.  If  it  could  be  shown  that  preservation 
of  erythrocytes  in  vitro  for  several  weeks  or  a  month  did  not  reduce 
the  percentage  of  cells  in  which  the  reticulation  could  be  demonstrated 
by  vital  staining  it  might,  perhaps,  be  assumed  that  the  preserved 
erythrocytes  had  not  aged  during  the  period  of  preservation  and 
were  from  this  point  of  view  as  suitable  for  transfusion  as  freshly 
drawn  cells. 

Rous  and  Turner  ^  obtained  the  best  preservation  of  human  erythro- 
cytes with  three  parts  of  blood  in  two  parts  of  isotonic  (3.8  per  cent.) 
sodium  citrate  in  water,  and  five  parts  of  isotonic  (5.4  per  cent.) 
dextrose  in  water,  and  these  observers  -  found  that  erythrocytes  thus 
preserved  in  the  cold  for  fourteen  days  can  be  used  for  transfusion 
and  will  apparently  remain  in  the  circulation  and  function  satisfactorily. 
Kambe  and  Komiya  ^  came  to  the  same  conclusion  after  studying  the 
effect  of  transfusion  of  erythrocytes  preserved  in  vitro  up  to  twenty 
days  on  the  appearance  of  polychromatophilia  in  the  circulating  blood 
following  hemorrhage.  Polychromatophilia  is  a  regeneration  phe- 
nomenon and  is  seen  in  young  cells  only.  As  a  rule,  it  appears  in 
twelve  to  twenty-four  hours  after  hemorrhage,  reaches  its  highest  point 
in  three  or  four  days  and  disappears  in  a  week.  It  was  found  that 
transfusion  of  preserved  cells  prevented  the  appearance  of  this  poly- 
chromatophilia just  as  effectively  as  did  transfusion  of  fresh  cells,  thus 
proving  the  vitality  of  the  preserved  cells.  This  did  not,  however, 
give  any  evidence  as  to  the  durability  of   the  preserved  cells. 


*  From  the  William  Pepper  Lalroratory  of  Clinical   Medicine,  University  of 
Pennsylvania. 

1.  Rous,  P.,  and  Turner.  T.  R. :    The  Preservation  of  Living  Red  Blood  Cells 
in  Vitro,  J.  Exper.  M.  23:219,  1916. 

2.  Rous,  P.,  and  Turner,  J.  R. :    The  Preservation  of  Living  Red  Blood  Ceils 
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3.  Kambe,   H.,   and   Komiya,   E.:     Transfusion    Experiment   with    Red    Blood 
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There  is  little  known  about  the  persistence  of  the  reticulation  in 
erythrocytes  after  removal  from  the  body.  Key  *  states  that  the  retic- 
ular substance  can  be  demonstrated  in  oxylated  or  defibrinated  blood 
which  has  been  shed  for  periods  up  to  sixteen  days  if  it  be  kept  on 
ice.  No  other  statements  on  this  subject  have  been  found  in  the 
literature. 

In  the  present  study  rabbit  and  human  bloods  were  employed. 
The  rabbits  were  rendered  anemic  by  bleeding  or  by  injections  of 
sodium  oleate  in  order  to  increase  the  number  of  reticulated  cells. 
Severe  anemia  was  avoided  for  fear  of  altering  the  resistance  or 
other  characters  of  the  erythrocytes ;  this  point  has  not  been  suffi- 
ciently considered  in  experimental  work.  The  blood  was  obtained 
under  sterile  precautions  and  either  defibrinated  or  added  to  the  sterile 
dextrose  citrate  solution  of  Rous  and  Turner.  Samples  were  then 
placed  in  the  ice  box  at  8  C.  and  observed  at  intervals.  Other  samples 
were  incubated  at  body  temperature.  The  count  of  reticulated  erythro- 
cytes was  made  at  the  time  of  obtaining  the  blood.  All  preparations 
were  vitally  stained  with  brilliant  cresyl  blue.  For  other  studies  of 
the  blood  \\'right's  stain  was  used. 

Results. — Defibrinated  rabbits'  blood  kept  in  the  icebox  continued 
to  have  demonstrable  reticulated  cells  for  as  long  as  one  month.  After 
three  weeks  the  number  of  reticulated  cells  decreased,  and  in  some  of 
the  reticulated  erythrocytes  there  appeared  one  or  two  small  discreet 
granules  staining  blue  with  the  cresyl  blue,  suggesting  that  the  reticula- 
tion was  disintegrating. 

Blood  taken  into  3.8  per  cent,  sodium  citrate  solution  almost  always 
promptly  showed  a  reduced  number  of  reticulated  forms  as  compared 
with  the  undiluted  blood,  but  this  varied  considerably  in  various  experi- 
ments. Occasionally,  with  human  blood  in  citrate  solution  no  reticulated 
forms  could  be  found  while  with  rabbit  blood  the  reticulated  erythro- 
cytes were  not  lost.  In  one  observation  with  rabbits'  blood  taken 
into  3.8  per  cent,  citrate  in  the  proportion  of  three  parts  of  blood  to 
two  parts  of  citrate  solution  and  kept  in  the  icebox  reticulated  er\thro- 
cytes  persisted  in  undiminished  number  for  a  week  but  had  disappeared 
three  days  later.  Human  blood  usually  continued  to  show  a  few 
reticulated  forms  and  on  one  occasion  these  forms  persisted  for  a 
month  in  blood  which  had  been  preserved  by  the  Rous-Turner  method. 
Unger  ^  has  shown  that  sodium  citrate  even  in  the  low  percentages 
employed  in  transfusion  renders  the  erythrocytes  more  fragile,  but 
there  is  no  evidence  that  this  increased  fragility  is  in  any  way  related 


4.  Key,  J.  A. :    Studies  on  Erythrocytes,  with  Special  Reference  to  Reticulum, 
Polychromatophilia  and  Mitochondria.  Arch.  Int.  Med.  28:511    (Nov.)    1921. 

5.  Unger,  L.   T. :    Deleterious   Effect   of  Sodium   Citrate   Employed   in   Blood 
Transfusion,  T.  A.  M.  A.  77:2107  (Dec.  31)    1921. 
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to  the  disappearance  of  the  reticular  substance.  Some  years  ago 
Pepper  and  Peet ''  were  unable  to  demonstrate  any  constant  difference 
between  the  reticulated  and  the  nonreticulated  forms  in  their  resistance 
to  hemolytic  agents  but  no  observations  were  made  with  citrate. 

Incubation  at  body  temperature  of  blood  in  citrate  solution  resulted 
in  such  rapid  hemolysis  as  to  make  examination  unprofitable  after 
twenty-four  or  forty-eight  hours.  Defibrinated  blood,  however,  could 
be  studied  for  a  number  of  days  during  incubation  at  body  temperature. 
The  reticulated  forms  rapidly  disappear  under  these  conditions ;  for 
example,  in  one  experiment  the  following  figures  were  obtained  for 
reticulated  cells :  At  time  of  bleeding,  from  6  to  7  per  cent. ;  seventeen 
hours  after  bleeding,  6  per  cent. ;  twenty-four  hours  after  bleeding, 
4  per  cent. ;  forty-eight  hours  after  bleeding,  2  per  cent. ;  seventy-two 
hours  after  bleeding,  none  seen. 

In  this  same  blood  preserved  in  this  icebox  the  percentage  of  retic- 
ulated forms  was  undiminished  at  the  end  of  three  weeks.  In  no 
specimen  of  blood  left  in  the  incubator  were  fully  formed  reticulations 
found  after  forty-eight  hours  but  in  one  instance  a  few  remnants  of 
the  reticular  substance  were  found  after  sixty-six  hours  incubation. 
One  would  hardly  be  justified  in  drawing  any  conclusion  from  this 
observation  as  to  the  probable  period  for  which  reticulation  persists 
in  young  erythrocytes  after  they  enter  the  circulation.  It  is  probable, 
however,  that  the  period  is  a  short  one. 

In  rabbits'  blood  preserved  either  in  the  icebox  or  at  body  tempera- 
ture there  appear  within  twenty-four  or  forty-eight  hours  in  many 
of  the  cells  shown  to  contain  reticulation  by  vital  staining  with  brilliant 
cresyl  blue,  one  or  more  bright  crimson  spots.  These  number  from 
one  to,  perhaps,  six  or  eight,  and  vary  in  size  from  minute  points  up 
to  perhaps  a  sixth  of  the  diameter  of  the  erythrocyte.  In  shape  they 
are  round  or  oval.  Only  when  the  blood  has  been  stained  with  brilliant 
cresyl  blue  do  they  appear  crimson ;  in  the  unstained  wet  blood  they 
can  be  recognized  as  pale  pinkish  slightly  refractile  areas  which  dis- 
appear with  the  drying  of  the  blood  spread.  With  Wright's  stain  the 
spots  do  not  take  the  stain  but  in  the  polychromatophilic  erythrocytes 
there  occur  refractile  irregular  spaces  which  are  apparently  due  to 
the  same  structures.  In  a  dry  preparation  in  which  the  reticular 
substance  has  been  previously  stained  with  brilliant  cresyl  blue  these 
areas  are  seen  as  clear  spaces  often  with  the  reticulation  clumped 
around.  With  longer  preservation  the  number  of  reticulated  erythro- 
cytes containing  these  crimson  bodies  increases  and  finally  with  the 
disappearance  of  the  reticulated  erythrocytes  the  crimson  granules 
cease  to  be  found. 


6.  Pepper,  O.  H.  Perry,  and  Peet,  Max  M. :    The  Resistance  of  Reticulated 
Erythrocytes.  Arch.  Int.  Med.  12:81    (July)    1913. 
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These  granules  are  in  all  probability  the  "substantia  metachromatica" 
described  by  Cesaris-Demel  ^  in  1907  and  much  discussed  sometimes 
under  the  term  "chromatic  granules  of  the  reticular  substance"  in 
the  German  hematological  literature  since  that  date,  especially  by 
Schilling-Torgau  *  and  Pappenheim.^  Key  refers  to  them  and  states 
that  they  had  not  been  previously  mentioned  in  American  literature. 
He  and  others  have  observed  them  in  freshly  drawn,  vitally  stained 
preparations  especially  of  anemic  blood.  He  suggests  that  they  may 
be  lipoidal  in  nature,  a  view  first  advanced  by  Pappenheim  but  Key 
argues  that  if  so  the  granules  should  be  visible  as  refractile  bodies  in 
the  unstained  cell.  Key  did  not  observe  such  refractile  bodies  in  the 
unstained  cells,  but  in  the  course  of  the  present  observation  this  was 
repeatedly  done.  They  are  undoubtedly  not  mitochondria  nor  do  they 
resemble  the  vacuoles  which  frequently  occur  both  in  reticulated  and 
nonreticulated  cells.  It  would  seem  that  their  increasing  frequency 
during  the  preserva;tion  of  erythrocytes  in  vitro  would  make  it  probable 
that  they  are  a  degenerative  phenomenon  of  young  cells.  This  is  the 
view  originally  advanced  by  Cesaris-Demel.  Why  they  should  occur 
chiefly,  if  not  solely,  in  reticulated  cells  has  not  been  explained. 

DISCUSSION 

These  results  do  not  allow  many  conclusions  to  be  drawn.  There 
is  apparently  no  question  that  sodium  citrate  as  employed  in  the  Rous- 
Turner  method  interferes  to  a  varying  degree  with  the  demonstration 
by  vital  staining  of  the  reticulation  of  young  erythrocytes.  But  this 
does  not  prove  that  the  erythrocyte  has  been  injured  in  any  manner 
nor  that  its  usefulness  has  been  impaired.  Some  of  the  cells  continue 
to  show  reticulation,  and  these  may  persist  for  as  long  as  a  month, 
which  is  as  long  as  the  blood  is  considered  suitable  for  transfusion. 
Defibrinated  blood  kept  at.  8  C.  continues  to  show  reticulated  forms 
in  undiminished  numbers  for  about  three  weeks  and  this  apparently 
argues  against  any  aging  of  the  corpuscles.  On  the  other  hand,  the 
increase  in  the  chromatic  granules  might  be  interpreted  as  a  degenera- 
tive phenomenon  and  this  supports  the  view  originally  advanced  by 
Cesaris-Demel. 
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(Oct.)   1907. 

8.  Schilling-Torgau.  V.:  Ueber  die  Polychromophilie  und  verwandte 
Ziistande,  Folia  haematol.  11:327,  1911.  Arbeiten  ueber  die  Erythrozj-ten,  Folia 
haematol.   14:    (Arch)    95.   1912. 

9.  Pappenheim,  A.:  Ueber  Polychromophilie,  Folia  haematol.  9:  (Zentral 
Organ.)   311    (June)    1910. 
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It  would  seem  that  the  evidence  on  the  whole  was  rather  in  favor 
of  the  view  that  preservation  of  the  blood  in  vitro  in  the  cold  does 
not  of  itself  age  the  erythrocytes  and  so  perhaps  does  not  make  them 
any  less  useful  for  transfusion.  This  would  agree  with  the  findings 
of  others.  A  suspicion  is  raised,  however,  that  citrate  may  be  injurious 
to  the  erythrocytes  and  this  effect  may  be  the  same  whether  it  is  added 
to  prevent  clotting  at  the  moment  or  for  the  purpose  of  permitting 
preservation  in  vitro.  This  also  agrees  with  the  other  evidence  con- 
cerning the  use  of  citrated  blood  for  transfusion  as  presented  for 
example  by   Drinker  and  Brittingham.^° 


10.  Drinker,  C.  K.,  and  Brittingham,  H.  H. :    The  Cause  of  the  Reactions 
Following  Transfusion  of  Citrated  Blood,  Arch.  Int.  Med.  23:133   (Feb.)    1919. 


THE     EFFECT     OF    ATROPIN     ON     GASTRIC     FUNC- 
TION,    AS     MEASURED     BY     FRACTIONAL 
ANALYSIS  - 

BRUCE    C.    LOCKWOOD,    M.D. 

AND 

HAZEN    G.    CHAMBERLIN,     AI.D. 

DETROIT 

A  study  of  the  literature  is  not  at  all  convincing  as  to  the  effect  of 
atropin  on  the  stomach,  especially  its  clinical  effect  on  the  human 
stomach.  While  on  laboratory  animals  its  effects  seem  to  be  quite 
definite,  the  reverse  is  true,  according  to  the  literature,  when  the  drug 
is  used  in  clinical  medicine  for  the  purpose  of  lessening  spasm  or 
reducing  secretion. 

Auer  and  Meltzer  ^  assert  that  atropin  causes  paralysis  of  the  vagus 
endings  connected  with  the  ganglia  of  Auerbach's  plexus  and  that  the 
action  is  on  the  myoneural  jvmction.  Cushny  -  states  that  the  secretion 
of  gastric  juice  has  been  shown  to  be  diminished  or  entirely  arrested  by 
atropin,  which  paralyzes  the  termination  of  the  secretory  fibers  of  the 
vagus,  and  that  the  hydrochloric  acid  is  more  reduced  than  the  pepsin 
or  total  fluid. 

Zunz  and  Tysebaert "  found  that  in  dogs,  after  a  hypodermic  of 
from  0.005  to  0.01  gm.  atropin  per  kilo  of  body  weight,  the  stomach 
contractions  were  weak  and  diminished ;  the  effect  beginning  in  one  half 
hour  and  lasting  5  or  6  hours.  After  smaller  doses  the  movements  were 
normal  but  the  tone  was  less.  Ginsburg  and  Tumpowsky  *  gave  from 
1/80  to  1  40  grain  atropin  intravenously  to  dogs  and  found  that  it 
invariably  inhibited  contractions  and  counteracted  the  effect  of  pilo- 
carpin  and  eserin ;  the  action  started  in  from  5  to  10  minutes  and  lasted 
for  hours. 

Smith, ^  working  with  strips  cut  from  different  parts  of  the  stomach 
of  rabbits,  cats  and  dogs,  found  that  solutions  of  atropin  sulphate, 
1:1,000,000  and   1:100,000,  invariably  produced  relaxation  of  longi- 


*  From  the  Medical   Clinic  of  the   Detroit  Receiving  Hospital. 

1.  Auer,  J.,  and  Meltzer,  S.  J.:    Am.  J.  Physiol.  17:17,  1906. 

2.  Cushny,    A.    R. :     Pharmacolog}-.    Philadelphia,    Lea    and    Febiger,    1915, 
p.  323. 

3.  Zunz,    E.,   and   Tysebaert.   J. :    Action   of   Atropin    Sulphate   on   Isolated 
Stomach,  and   Intestine,  J.   Pharmacol.   &   Exper.  Therap.   8:325    (June)    1916. 

4.  Ginsburg,   H.,  and  Tumpowskv,  J. :    Control  of  Hunger  by  Drugs,  Arch. 
Int.  Med.  22:553   (Nov.)    1918. 

5.  Smith,   M.  J. :    Action  of  Autonomic  Drugs  on   Surviving  Stomach,  Am. 
J.  Physiol.  46:232   (June)    1918. 
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tudinal,  circular  and  oblique  muscle  fibers  from  all  parts  of  the  stomach. 
Hecht,*'  in  work  done  on  the  surviving  stomachs  of  rats,  found  a 
variability  in  the  action  of  atropin  due  to  the  presence  or  lack  of 
peristalsis  inducing  substances  and  of  choHn  in  particular. 

Keeton,  Luckhardt  and  Koch  "  worked  on  dogs  with  a  Pawlow 
stomach  and  found  that  1  mg.  (0.12  mgm.  per  kilo  of  body  weight), 
inhibits  secretion  over  a  period  of  five  hours  and  shows  no  toxic  effects. 
They  found  that  from  50  to  80  per  cent,  of  the  total  secretion  was 
arrested  before  the  hydrochloric  acid  dropped.  The  pepsin  was  also 
diminished. 

The  laboratory  work  on  animals  would  lead  one  to  believe  that 
atropin  might  have  like  results  on  man  and  would  be  a  very  valuable 
drug  in  clinical  medicine.  However,  the  literature,  while  very  scanty, 
is  divided  in  opinion  as  to  its  value. 

Riegel  in  1899  reported  that  atropin  caused  a  decrease  of  hydro- 
chloric acid  and  total  juice  after  a  test  meal  of  one  liter  of  milk. 
Barclay  ®  states  that  belladonna  often,  but  not  always,  relieves  spas- 
modic contractions  of  the  stomach  by  paralyzing  the  vagus  and  allowing 
unopposed  action  of  the  splanchnics. 

Rehfuss  ^  showed  that  large  doses  of  atropin  hypodermically  causes 
a  diminution  of  the  psychic  secretion  and  acidity,  but  never  causes 
complete  disappearance  of  the  secretion.  Crohn  ^°  measured  the  effect 
of  the  drug  on  the  secretion  and  emptying  time  of  the  stomach  by  frac- 
tional analysis.  He  found  that  1/65  grain  hypodermically  one  half  haur 
after  eating  did  not  affect  the  motility  but  raised  the  average  acidity 
from  32  to  76  degrees.  This,  he  states,  was  repeated  on  another  patient 
with  the  same  results.  In  two  cases,  which  had  shown  continuous  inter- 
digestive  secretion,  1.65  grain  hypodermically  stopped  the  secretion; 
this  secretion  also  ceased  when  the  patient  was  fully  atropinized  by 
mouth,  by  giving  1  c.c.  tincture  of  belladonna  four  times  daily  for  three 
days ;  however,  this  procedure  increased  the  digestive  acidity  from  an 
average  of  35  to  51  degrees  in  a  patient  with  a  normal  isosecretory 
curve.  The  number  of  experiments  are  insufficient  to  form  any  definite 
conclusions. 

Bastedo  ^^  concluded  from  the  literature,  chiefly  from  Crohn's  work, 
that  atropin  has  no  useful  clinical  effect  in  any  dosage ;  it  does  not  lessen 


6.  Hecht,  P.:    Action  of  Atropin  on  Stomach,  Deutsch.  .'Xrch.  f.  klin.  Med. 
136:296  (July)    1921. 

7.  Keeton.  R.  W. ;  Luckhardt,  A.  B.,  and  Koch,  F.  C. :    Gastrin  Studies,  Am. 
J.  Physiol.  51:469  (April)   1920. 

8.  Barclay,  A.  E. :    Alimentary  Tract,   1915.  p.  17. 

9.  Rehfuss,  M.  E. :    Tr.  A.m.  Gastro-Enterol.  .Assn.,  1918,  p.  25. 

10.  Crohn,    B.    B.:     Studies    in    Fractional    Estimation    of    Gastric    Contents, 
Am.  J.  M.  Sc.  155:801    (June)    1918. 

11.  Bastedo.  W.   A.:    Points    in   the   Pharmacology  of   Certain   Drugs   Used 
for  Stomach  Effects.  Am.  T.  M.  Sc.  159:53.  1920. 
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the  digestive  secretion,  but  if  given  in  maximal  dose  hypodermically  it 
lessens  the  interdigestive  secretion  and  lessens  pylorospasm.  Bennett 
and  Dodds  ^^  show  one  chart  of  the  free  hydrochloric  acid  curve  before 
and  after  gastric  lavage  with  1/100  grain  atropin  in  100  c.c.  water. 
The  curve  was  about  the  same  for  one  hour  and  then  the  one  after 
atropin  dropped  to  almost  zero  and  remained  low  for  two  hours. 

Because  of  the  foregoing  variance  of  views  and  the  lack  of  sufficient 
convincing  research  on  the  clinical  action  of  atropin  on  stomach  func- 
tion, it  was  decided  to  test  its  action,  as  measured  by  fractional  gastric 
analysis,  on  a  series  of  normal  and  pathologic  stomachs.  We  have 
observed,  as  has  Kopelofif,^^  that  the  same  person  does  not  always 
respond  with  the  same  acidity,  type  of  curve,  or  evacuation  time,  on 
different  days  even  when  using  the  same  test  meal  and  endeavoring  to 
make  all  other  factors  equal.  However,  we  do  not  consider  that  this 
variation  is  marked  enough  to  influence  greatly  the  final  results  in  a 
study  such  as  this,  providing  sufficient  observations  are  made.  In 
subjects  accustomed  to  using  the  tube  we  have  run  two  or  more  frac- 
tional curves  on  the  same  subject  and  found  that  there  is  a  much  greater 
tendency  for  a  person  to  manifest  one  type  of  curve  and  about  the  same 
acidity  and  emptying  time  than  there  is  for  him  to  show  marked 
variations. 

Procedure. — The  subject,  on  a  morning  fasting  stomach,  swallowed 
the  small  fractional  tube  and  the  fasting  contents  were  aspirated.  An 
Ewald  meal  consisting  of  two  slices  of  bread  and  400  c.c.  of  water  was 
then  given,  with  the  tube  left  in  place,  and  from  5  to  10  c.c.  of  contents 
was  aspirated  every  fifteen  minutes.  The  emptying  point  was  taken 
when  the  return  was  consistently  free  from  bread.  Several  specimens 
were  usually  taken  after  this  point  was  reached.  There  was  noted  on 
each  specimen  the  percentage  of  solids  and  the  presence  or  absence  of 
bile  or  blood.  The  free  and  total  acidity  was  determined  by  the  Toepfer 
method.  All  subjects  were  accustomed  to  the  use  of  the  tube  before 
the  observations  were  made,  and  an  effort  was  made  to  have  them 
continue  on  about  the  same  intake  of  food  and  water.  The  normal 
curve  and  the  curve  after  the  administration  of  the  drug  were  all  taken 
within  a  few  days  of  each  other. 

Since  emphasis  has  been  laid  on  the  dosage  and  method  of  adminis- 
tration a  series  of  cases  were  taken,  giving  the  drug  in  diff'erent  dosage 
by  mouth  and  hypodermically.  Twenty-five  observations  have  been 
made. 


12.  Bennett  and  Dodds  :  A  Contribution  to  the  Study  of  the  Mechanism  of 
Secretion  in  the  Upper  Alimentary  Tract.  Internat.  J.  Gastro-Enterol.  1:121 
(Aug.)    1921. 

13.  Kopeloff,  N. :  Individual  Variation  as  Influencing  Rehfuss  Fractional 
Method  of  Gastric  Analysis,  J.  A.  M.  A.  78:404   (Feb.  11)   1921. 
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REPORT     OF     CASES 

1.  The  effect  of  administration  of  1/50  grain  atropin  dissolved  in 
1  ounce  water  given  given  through  the  tube  just  previous  to  giving  the 
Ewald  meal. 

Case  1. — Diagnosis. — Pyloric  ulcer  without  obstruction.  The  control  test 
showed  a  hypersecretory  type  of  curve  with  an  average  free  hydrochloric  acid 
of  58.2  degrees  and  total  acidity  74  degrees  over  a  period  of  two  and  three- 
quarters  hours.  The  emptying  time  was  two  and  a  quarter  hours.  Two  days 
later  a  curve  was  again  made  of  this  patient,  after  giving  %o  grain  atropin 
in  1  ounce  water  through  the  tube  just  previous  to  the  Ewald  meal.  The  result 
shows  the  same  type  of  curve  reaching  its  height  at  the  same  time  and  prac- 
tically the  same  average  acidity.  The  emptying  time  remained  the  same.  In 
Figure   1   are  plotted  the  total   acidity   curves   with   and   without   atropin. 


Fig.    1. — Total    acidity   curves    with   and    without   atropin    in    Case    1. 

Case  2. — Diagnosis. — Prepyloric  ulcer  with  moderate  obstruction.  The  con- 
trol showed  a  hypersecretory  curve  with  its  peak  at  two  hours,  an  average 
free  hydrochloric  acid  of  58.2  degrees  and  an  average  total  acidity  of  66.7 
degrees,  with  an  emptying  time  of  two  and  a  quarter  hours.  After  atropin,  as 
given  in  the  previous  case,  the  same  type  of  curve  was  obtained  with  its 
height  at  two  hours,  an  average  free  hydrochloric  acid  of  47.3  degrees  (10.9 
degrees  less  than  control),  and  an  average  total  acidity  of  80.4  degrees  (13.7 
degrees  more  than  control).  The  emptying  time  was  delayed  from  two  and 
a  quarter  to  three  hours. 

Case  3.— Normal  subject.  The  control  test  showed  an  isocretory  curve  with 
an  average  free  hydrochloric  acid  of  32  degrees  and  total  acidity  of  59  degrees. 
After  atropin,  as  previously  given,  the  average  free  hydrochloric  acid  was 
22  degrees  (a  reduction  of  10  degrees),  and  an  average  total  acidity  of  45 
degrees  (a  reduction  of  14  degrees).  The  emptying  time  was  delayed  from  one 
and  a  quarter  hour  in  control  to  one  and  a  half  hours  after  atropin  by  mouth. 
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Table  1  shows  a  summary  of  these  three  cases  in  which  1/50  grains 
atropin  was  given  by  mouth  just  previous  to  the  test  meal.  No  marked 
effect  is  shown  by  the  drug,  although  there  is  a  tendency  toward 
lowering  of  the  acidity  and  a  delay  in  evacuation  time.  What  effect 
the  drug  may  have  had  after  more  complete  absorption  cannot  be 
stated,  but  it  is  evident  that  there  is  no  or  little  direct  local  effect  on 
the  mucosa  as  maintained  bv  Bennett  and  Dodds.^- 
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Fig.   2. — Total    acidity    curves    in    Case   4. 

2.  The    effect    of    administration    of    %o    grain    atropin    sulphate 
hypodermically  just  before  meal : 


TABLE  1. — The  Effect  of  ^So  Grain  Atropin'  Sulphate  in  1  Ounce  Water 
Given  Through  Tube  Just  Previous  to  Ewald  Meal 


Average 
Free  HCl 

Average 
Total  Acidity 

Maximal 
Free  HCI 

Maximal 
Total  Acidity 

Con-    Atro- 
trol       pin 

Evacuation 
Time 

Bile 

Case 

Con- 
trol 

Atro- 
pin 

Con- 
trol 

Atro- 
pin 

Con- 
trol 

Atro- 
pin 

Con- 
trol 

Atro- 
pin 

Con-    Atro- 
trol       pin 

M.  S 

M.  H 

H.J 

.     58.2 
.     58.2 
.     32.0 

58.1 
47.3 
22.0 

74.0 
66.7 
59.0 

73.7 
80.4 
45.0 

78 
105 
44.0 

82 
65 
34.0 

97          97 
140         105 
73.0        63.0 

135 
135 

75 

135 

180 

90 

0            0 

0           +^ 
0            0 

Average.. 

.     49.4 

42.4 

66.5 

66.3 

75.6 

75.6 

103.3        89 

115 

135  ■ 
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Case  4. — Diagiiosis. — Prepyloric  ulcer  with  moderate  obstruction.  After 
YoO  grain  atropin  was  given  hypodermically,  the  curve  showed  a  lower  trend 
than  the  test  curve.  The  curves  of  total  acidity  are  seen  in  Figure  2.  The 
average  free  hydrochloric  acid  was  reduced  32.4  degrees,  and  the  average  total 
acidity  was  reduced  8.4  degrees.  The  emptying  time  was  delayed  from  two 
and  a  quarter  to  three  and  a  quarter  hours. 

Case  o.  —  Diagnosis.  —  Duodenal  ulcer.  A  control  curve  showed  a  hyper- 
secretory curve  with  a  sharp  rise  at  two  and  a  half  hours.  After  I/50  grain 
atropin  hypodermically,  the  curve  started  at  the  same  level  as  in  the  control 
but  showed  a  gradual  descent  without  the  sharp  rise  toward  the  end  of  digestion. 
The  average  free  hydrochloric  acid  was  reduced  45.9  degrees,  and  average 
total    acidity   36   degrees.     The   emptying   time   was   delayed    one-quarter  hour. 
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Fig.   3. — Total   acidity   curves    in    Case   6. 


Case  6.— The  same  patient  as  observed  in  Figure  1.  After  a  hypodermic 
of  Voo  grain  atropin  both  free  and  total  acidity  showed  a  slight  reducion. 
13.2  and  12.3  degrees,  respectively.  The  emptying  time  remained  the  same. 
Figure  3  shows  the  total  acidity  curves. 

The  tabulated  results  in  these  three  cases  are  shown  in  Table  2. 

There  is  a  moderate  reduction  of  acidity  in  all  cases  with  a  slight 
prolongation  of  the  emptying  time. 

3.  The  effect  of  administration  of  ^0  grain  atropin  hypodermically 
one  hour  previous  to  the  test  meal :  These  nine  subjects  were  all  con- 
sidered to  be  free  from  organic  or  functional  gastric  disease.  The 
majority  were  in  the  psychopathic  ward  and  suffered  from  mild 
dementia  praecox  or  slight  psychosis.     Table  3  gives  our  findings. 

In  no  case  was  the  average  free  or  total  acidity  as  high  after 
atropin  as  it  was  in  the  control  curve  carried  out  under  identical  condi- 
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tions.  In  two  cases,  however,  the  free  and  total  acidity  went  slightly 
higher  at  one  point  than  in  the  control.  The  evacuation  time  averaged 
practically  the  same  with  atropin  as  without  it.  Figure  4  shows  the 
curves  of  total  acidity  in  a  case  demonstrating  the  average  effect  of 
y^o  grain  atropin  hypodermically  given  one  hour  previous  to  the 
Ewald  meal. 

TABLE  2. — The   Effect  of   '^^(\    Grain    Atropix    Sulphate    Given 
Hypodermic.a.lly  Just  Previous  to  Ewald  Meal 


Average 
Tree  HCI 

Average 
Total  Acidity 

Maximal 
Free  HCl 

Maximal 
Total  Acidity 

Con-     Atro- 
trol       pin 

Evacuation 
Time 

Con-     Atro- 
trol       pin 

Bile 

Case 

Con- 
trol 

Atro- 
pin 

Con- 
trol 

Atro- 
pin 

Con- 
trol 

Atro- 
pin 

Con-     Atro- 
trol       pin 

A.  G 

H.  H 

M.  S 

.     58.2 
.     85.8 
.     58.2 

25.8 
39.9 
45.0 

66.7 
96.0 
74.0 

58.3 
60.0 
61.7 

110.0 
95 
80 

35 
58 
65 

140 

113 

95 

77 
113 
83 

135 
105 
135 

195 
120 
135 

0           0 

+  2               +4 

0            0 

Average... 

.     67.4 

36.9 

78.9 

60 

91.6 

52.6 

116 

91 

125 

145 

TABLE   3. — The    Effect   of   I50    Grain    Atropin    Sulphate    Hvpodermic.\lly 
One  Hour  Previous  to  Ewald  Meal 


Average 
Free  HCl 

I * ^ 

Con-  Atro- 

Case  trol  pin 

P.  S 33.3  28.6 

A.  L 26.4  25.6 

G.  S 36.0  8.8 

F.  M 22.0  4.0 

J.  M 37.0  27.4 

A.  D 40.0  25.5 

M.  B 43.3  24.8 

P.  G 37.2  5.6 

M.  K 42.6  15.0 

Average....  35.3  18.9 


Average 
Total  Acidity 


Con- 
trol 
42.8 
50.4 
54.1 
29.4 
54.2 
52.0 
49.5 
42.0 
62.3 


Atro- 
pin 
41.8 
37.5 
17.6 
18.0 
37.0 
41.0 
35.6 
38.0 
56.5 
35.8 


Maximal        Evacuation 
Total  Acidity  Time 


50 
35 
60 
40 
56 
51 
78 
63 
67 


Bile 


Con-    Atro-     Con-     Atro-     Con-     Atro- 


trol 
60 
54 
80 
50 
72 
66 
S3 
70 


pm 
44 
59 
21 
35 
.56 
70 
60 
45 
60 
50 


trol 
120 
100 

80 
100 
100 
120 
120 
140 

SO 
106 


pin 
120 
100 
120 
140 
140 
100 
120 
60 
40 
104 


trol 
0 
0 
0 
0 
0 
0 
0 
0 
0 


pin 
0 
0 


4.  Table  4  shows  the  results  in  one  case  of  ulcer  and  in  two  normal 
persons  from  administering  ^qq  grain  atropin  hypodermically  seven 
hours  and  again  immediately  before  the  test  meal.  The  results  are 
similar  to  those  obtained  by  giving  Y^o  grain  hypodermically.  In  all 
three  cases  there  was  a  moderate  reduction  of  acidity,  while  the 
emptying  time  remained  virtually  the  same.  Figure  5  shows  such  a 
curve. 

TABLE   4. — The   Effect   of  Vioo    Grain   Atropin    Sulphate   Hypodermically 
Seven  Hours  and  Again  Just  Previous  to  Ewald  Meal 


Average  Average  Maximal          Maximal  Evacuation 

Free  HCl  Total  Acidity  Free  HCl  Total  Acidity          Time                   Bile 

Con-    Atro-  Cob-    Atro-  Con-    Atro-  Con-    Atro-  Con-    Atro-    Con-    Atro- 

Case         trol       pin  trol       pin  trol       pin  trol       pin  trol       pin       trol       pin 

M.  S 85.8        65.8  96.0        85.7  94           90  112           90          105         120           0           -l-i 

C.  L 40           30  62           51  80           73           96           84          120         130          0            0 

H.  B 32.0        23  .59           42.5  43           40           73           58            75           75           0            0 

Average....    52.6       .39.6  72.3       59.7  72.3       67.6       93.7        77.3       lOO        108 
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5.  Three  patients  with  extra-abdominal  conditions,  who  were 
accustomed  to  the  tube,  were  tested  as  to  the  action  of  continuous 
administration  of  tincture  of  belladonna.  One  c.c.  was  given  four  times 
daily  for  three  days.     These  patients  all  exhibited  symptoms  of  bella- 
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Fig.  4. — Total  acidity  curves  in  a  case  showing  average  effect  of  atropin. 
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Fig.   5.— Moderate    reduction   of   acidity   with   emptying   time    unchanged. 

donna  action  in  moderate  degree.  The  results  are  shown  in  Table  5. 
There  is  a  moderate  reduction  of  acidity  in  all  cases.  A  control  curve 
with  one  demonstrating  the  efYect  from  such  an  administration  of 
belladonna  is  shown  in  Figure  6. 
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TABLE    5. — The    Effect   of   Repeated   Administration    of   Tincture   of 
Belladonna   by   Mouth   to  a   Point  of  Tolerance 


Average 
Free  HCl 

Average 
Total  Acidity 

1 * ^ 

Con-    Atro- 
trol       pin 

Maximal 
Free  HCl 

Maximal 
Total  Acidity 

Evacuation 
Time 

Bile 

Case 

Con- 
trol 

Atro- 
pin 

Con- 
trol 

Atro- 
pin 

Con- 
trol 

Atro- 
pin 

Con- 
trol 

Atro- 
pin 

Con-    Atro- 
trol       pin 

R.  B 

H.  C 

B.  V 

.    34.1 
.    61.5 
.     32.6 

22.0 
30.0 
29.4 

60.1 
76.7 
43.4 

36.5 
51.0 
40.7 

47 
80 
49 

37 
47 
38 

72 
98 
61 

54 
68 

48 

75 

90 

120 

75 
105 
135 

0           0 
0            0 
0            0 

Average... 

.     42.7 

27.1 

60 

42.4 

58.6 

40.6 

77 

56.6 

95 

105 

6.  Inasmuch  as  the  chief  cHnical  use  of  an  acid  reducing  drug  Hes 
in  the  control  of  acidity  in  ulcer  management,  observations  were  made 
on  a  patient  while  on  frequent  cream   feeding   (Ulcer  management). 
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Fig.  6. — Control  curve  and  curve  showing  effect  of  belladonna.    Arrow  points 
to  time  after  taking  1  c.c.  tincture  of  belladonna  four  times  daily  for  three  days. 
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These  were  all  made  on  the  same  patient,  whose  case  had  been  diagnosed 
and  was  later  operatively  proved  to  be  a  prepyloric  ulcer  with  moderate 
obstruction. 

After  the  first  morning  feeding  of  3  ounces  cream,  the  average 
free  acidity  for  the  following  two  hours  was  93.7  degrees.  Atropin 
y^Q  grains  dissolved  in  i/o  ounce  of  water  given  through  the  tube  and 
was  followed  immediately  by  3  ounces  cream  swallowed  around  the 
tube.  The  free  hydrochloric  acid,  during  the  next  two  hour  period, 
averaged  78.3  degrees.  The  same  dose  of  atropin  and  cream  was  again 
given,  and  during  the  next  one  and  one-half  hours  the  average  free 
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hydrochloric  acid  was  65.5  degrees,  a  reduction  of  28.2  degrees  under 
the  first  period  after  cream  only.  After  an  interval  of  two  days, 
this  same  patient  was  again  observed.  The  first  period  of  two  hours 
after  cream  showed  an  average  free  hydrochloric  acid  of  76.9  degrees, 
three  ounces  cream  was  again  given,  together  with  ^/ioo  grain  atropin 
hypodermically,  and  the  next  two  hours  showed  an  average  free  hydro- 
chloric acid  of  63.5  degrees.  Cream  and  atropin  were  again  given, 
and  the  next  two  hour  period  showed  an  average  of  31.2  degrees. 
Cream  only  was  then  given  and  the  following  hour  showed  an  average 
of  87  degrees. 
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Fig.  7. — Three  curves  of  the  free  acid  on  the  same  patient  taken  on  alter- 
nate days.  The  first  two-hour  period  in  each  instance  is  after  taking  3  ounces 
of  10  per  cent,  cream;  the  second,  after  taking  cream  and  atropin;  the  third, 
after  taking  cream  and  atropin,  and  the  fourth  after  taking  cream  only.  Arro\ys 
indicate  the  administration  of  3  ounces  of  10  per  cent,  cream.  A,  Vwq  grain 
atropin  hypodermically;  B,  i/so  grain  atropin  by  mouth;  C,  VBo  grain  atropin 
hypodermically. 

After  an  interval  of  two  days  the  same  procedure  was  again  carried 
out,  except  that  %o  grain  atropin  was  given  hypodermically.  The 
first  period  of  two  hours  after  3  ounces  cream  gave  an  average  free 
hydrochloric  acid  of  116.6  degrees;  cream  and  a  hypodermic  of  %o 
grain  atropin  was  then  given,  and  the  following  period  showed  an 
average  free  hydrochloric  acid  of  64.1  degrees.  Cream  and  atropin 
was  again  given  and  the  period  following  showed  an  average  of  40.6 
degrees.     Cream  alone  was  then  given,  and  during  the  following  one 
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and  one-half  hours  the  average  was  77.7  degrees,  yet  the  patient 
was  complaining  of  a  very  dry  throat  and  had  dilated  pupils.  These 
curves  just  described  are  shown  in  Figure  7. 

DISCUSSION 

From  the  foregoing  experiments  a  fairly  accurate  and  concrete 
picture  is  obtained  of  the  clinical  action  of  atropin  on  the  stomach. 
It  seems  evident  that  there  is  a  secretory  and  motor  depressing  action 
in  direct  relation  to  the  dose  given,  yet  on  the  other  hand,  using  doses 
compatible  with  safety  it  is  impossible  to  demonstrate  the  marked 
action  seen  on  lower  animals.  This  may  be  due  to  a  different  phar- 
mocologic  action. 

In  three  cases  the  local  application  of  %o  grain  atropin  in  1  ounce 
of  water  to  the  fasting  stomach  mucosa  made  no  marked  change  in  the 
secretory  curve  after  an  Ewald  meal,  except  that  the  high  point  of 
free  and  total  acidity  was  slightly  lowered  in  two  cases,  m  which  also 
the  emptying  time  was  slightly  delayed.  This  seems  to  prove  that 
there  is  little  or  no  direct  local  action  on  the  mucosa,  as  assumed  by 
Bennett  and  Dodds,  but  that  the  effect  comes  only  after  absorption. 

In  eighteen  cases  the  effect  on  the  secretory  curve  after  an  Ewald 
meal  was  noted  from  administration  of  maximal  clinical  doses  either 
hypodermically  or  continuous  dosage.  The  average  free  acidity  was 
reduced  32  per  cent,  and  the  average  total  acidity  27  per  cent.  In  no 
case  was  the  average  free  or  total  acidity  higher  with  atropin  than 
witout  it.  This  reduction  effect  seemed  more  pronounced  in  lowering 
the  high  point  of  the  curve,  although  in  two  cases  both  the  free  and 
total  acidity  rose  to  a  higher  point  after  atropin  than  had  occurred 
in  the  test  curve. 

The  average  emptying  time  was  delayed  ten  minutes,  although  three 
cases  showed  a  more  rapid  evacuation  after  atropin.  These  cases 
occurred  in  the  series  which  received  a  hypodermic  of  %o  grain  atropin 
an  hour  previous  to  the  meal,  and  may  have  been  due  to  greater 
relaxation  of  the  pylorus. 

CONCLUSIONS 

1.  The  effect  of  atropin  on  the  human  stomach  is  to  depress  both 
the  secretion  and  motor  action,  but  is  much  less  than  that  observed  on 
lower  animals. 

2.  Maximal  clinical  dosage  of  atropin  depresses  both  the  free  and 
total  gastric  acidity  about  30  per  cent. 

3.  The  same  dosage  lessens  motor  movements  in  the  human 
stomach  enough  to  delay  the  evacuation  time  after  an  Ewald  meal 
about  ten  minutes.  Bile  is  more  frequently  observed  after  atropin, 
probably  due  to  greater  relaxation  of  the  pylorus. 


THE     ANEMIA    OF     CHRONIC     NEPHRITIS* 
GEORGE    E.    BROWN,    M.D.    and    GRACE    M.    ROTH 

ROCHESTER,     MINX. 

Anemia  is  commonly  observed  in  nephritis.  It  may  be  so  severe 
that  the  question  arises  as  to  whether  the  anemia  is  the  primary  disease. 

Various  causes  of  the  anemia  of  nephritis  have  been  suggested,  but 
comprehensive  or  conclusive  studies  have  not  been  made.  Grawitz  ^ 
maintains  that  decrease  in  the  blood  elements  does  not  take  place  if 
cardiac  efficiency  is  maintained.  He  recognizes  two  groups  of  cases  of 
chronic  nephritis  :  (1)  those  with  efficient  cardiac  function  and  adequate 
peripheral  circulation,  and  (2)  those  with  deficient  cardiac  function  and 
circulatory  stasis.  In  this  latter  group,  either  dilution  or  concentration 
of  the  blood  plasma  takes  place.  If  the  plasma  is  diluted  a  relative  or 
dilution  anemia  occurs.  HameHn  -  has  noted  the  association  of  anemia 
and  uremia.  He  emphasizes  the  importance  of  hydremia  and  of  hemo- 
toxic substances  in  the  blood  as  possible  etiologic  factors.  Ceconi  ^  did 
not  find  decrease  in  resistance  of  the  erythrocytes  in  nephritis.  He 
concludes  that  the  anemia  of  chronic  nephritis  is  due  to  the  inhibiting 
effects  of  urinary  poisons  on  hematopoiesis.  He  also  observed  that  the 
fragiHty  of  the  erythrocytes  bears  no  specific  relationship  to  the  toxicity 
of  the  blood  serum  in  nephritis.  Da  Costa  *  recorded  the  occurrence  of 
a  moderate  decrease  of  hemoglobin  and  erythrocytes  in  chronic  paren- 
chymatous nephritis,  and  says,  that,  exceptionally,  this  may  become 
extreme.  He  believes  that  the  anemia,  loss  of  albumin  through  the 
kidneys,  and  diseases  in  other  organs  are  related.  Grignani  ^  believes 
that  some  substance  which  is  toxic  to  the  bone  marrow  is  produced  and 
that  defective  diet  and  hydremia  play  some  part  in  the  condition. 

The  material  used  in  this  study  consists  of  187  cases  diagnosed 
chronic  glomerular  nephritis  ^  at  the  Mayo  Clinic  from  July  1,  1919, 
to  Aug.  1,  1921,  and  other  pathologic  cases  selected  at  random.  Cases 
of   chronic  nephritis  complicated  by  diseases  in  the  kidney  or  other 
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organs,  such  as  pyelonephritis,  hydronephrosis,  tuberculosis,  malignancy, 
and  so  forth,  and  all  cases  of  hemorrhage  were  excluded.  One  hundred 
and  five  cases  of  the  187  showed  anemia,  which  might  correctly  be 
designated  as  the  anemia  of  chronic  nephritis ;  and  eighty-two  were 
without  anemia.'^ 

ETIOLOGY 

Etiologically  three  types  of  anemia  are  recognized:  (1)  anemia 
secondary  to  acute  or  chronic  loss  of  blood,  (2)  anemia  secondary  to 
excessive  hemolysis,  and  (3)  anemia  secondary  to  faulty  or  deficient 
hematopoesis. 

Hemorrhage. — Probably  hemorrhage  may  play  some  part  in  the 
cause  of  the  anemia  of  acute  nephritis,  but  in  the  group  of  cases  herein 
designated  as  anemia  of  chronic  nephritis  all  cases  exhibiting  macro- 
scopic loss  of  blood  were  excluded.  Long  continued  microscopic  loss 
of  blood  in  the  urine  and  stools  was  investigated  in  order  to  ascertain 
its  importance.  The  blood  in  the  urine  is  indicated  on  a  basis  of  1,  2,  3 
and  4.  If  the  amount  of  blood  in  the  urine  is  designated  as  Grade  4, 
blood  is  present  macroscopically  and  the  case  is,  therefore,  excluded 
from  this  study. 

Experiments  to  show  the  approximate  amount  of  blood  present  in 
the  urine  daily  in  cases  of  chronic  blood  loss  indicate  that  approximately 
from  0.5  to  1.5  c.c.  of  blood  for  each  Hter  of  urine  is  lost,  an  amount 
probably  insufficient  to  produce  anemia.  Examinations  of  stools  were 
made  daily  for  occult  blood  and  all  cases  showing  macroscopic  blood 
were  excluded.  The  incidence  of  positive  tests  for  occult  blood  was  so 
small  as  to  be  negligible.  Table  1  shows  the  average  amount  of  blood 
in  the  urine  in  eighty-nine  cases  of  anemia  of  nephritis,  selected  at 
random  from  the  105.^  In  thirty-four  cases  (38  per  cent.)  the  urine 
did  not  contain  blood  cells.  It  will  be  seen  that  no  relationship  exists 
between  the  microscopic  amounts  of  blood  in  the  urine  and  the  anemia. 

Excessive  Hemolysis. — A  hemolytic  basis  of  the  anemia  deserves 
special  consideration.  The  common  occurrence  of  vascular  injury,  and 
the  hemorrhagic  tendency  in  many  cases  of  chronic  nephritis  suggests 
that  hemolysis  may  play  some  part  in  this  connection  as  may  changes 


7.  In  this  classification  patients  were  designated  anemic  whose  hemoglobin 
values  were  below  70  per  cent,  on  the  Dare  instrument  and  with  erythrocyte 
counts  less  than  4,000,000.  The  values  with  the  Dare  instrument  approximate 
those  obtained  with  the  Haldane-Palmer  Method  when  the  values  are  70  per 
cent,  or  lower  (Fig.  1)  ;  the  curves  for  each  are  practically  parallel  to  this  point. 
Because  the  earlier  estimations  of  hemoglobin  were  made  with  a  Dare  instru- 
ment, the  subsequent  estimations  were  made  on  this  instrument  for  purposes  of 
comparison. 

8.  These  calculations  do  not  take  into  consideration  the  red  blood  cells 
destroyed  by  hemolysis. 
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in  the  coagulative  substances  of  the  blood.  Leopold,^  McKee/''  and 
Ponder  ^^  have  investigated  the  presence  of  hemolytic  substances  in  the 
urine  of  human  beings  and  have  proved  their  existence  in  health  and 
in  various  diseases.  This  hemolytic  action  is  not  due  to  osmosis  but 
probably  to  bile  acids,  as  Ponder  has  pointed  out.  (Leopold  induced 
uranium  nephritis  in  animals  and  found  hemolytic  substances  in  the 
urine.     Our  results  correspond,  closely  to  those  of  Leopold). 

In  order  to  ascertain  the  presence  of  hemolytic  substances  in  the 
urine,  eighty-two  patients,  selected  at  random,  coming  for  examination 
during  1921,  were  divided  into  three  groups  :  Group  1,  fifty-two  normal 
and  nonnephritic  patients.  Group  2,  eighteen  patients  with  chronic 
nephritis  without  anemia,  and  Group  3,  twelve  patients  with  chronic 
nephritis  and  anemia.    The  following  method  was  employed : 

The  erythrocytes  washed  with  physiologic  solution  of  sodium 
chlorid  three  times  were  suspended  in  this  solution  (1 :100).  Six  tubes 
were  set  up  containing  erythrocyte  suspension  and  freshly  voided  urine 

TABLE  1. — Bloob  in  the  Urine  in  Eighty-Nine  Cases 
OF  Anemia  of  Nephritis 


Cases 
34..., 
39..., 
12... 
4.... 


Blood  in  Urine, 
Grade 

Hemoglobin, 
Average  per  Cent. 

Erythrocytes,  Aver 
Count,  Millions 

0 
1 
2 

3 

59.0 
54.7 
58.0 
51.0 

3.01 
3.31 
3.65 
2.95 

in  the  following  proportion:  Tube  1,  1:100  erythrocyte  suspension, 
1  c.c,  and  urine,  0;  Tube  2,  suspension,  1  c.c,  and  urine,  1  c.c. ;  Tube 
3,  suspension,  1  c.c.  and  urine,  0.75  c.c. ;  Tube  4,  suspension,  1  c.c,  and 
urine,  0.5  c.c. ;  Tube  5,  suspension,  1  c.c.  and  urine,  0.25  c.c. ;  Tube  6, 
suspension,  1  c.c.  and  urine,  0.1  c.c. 

After  incubation  for  three  hours  at  37  C,  the  tube  showing  complete 
hemolysis  indicated  roughly  the  amount  of  hemolytic  substance  in  the 
urine. 

The  results  in  Group  1  were  positive  25.5  per  cent,  and  negative 
74.5  per  cent ;  in  Group  2,  positive  65  per  cent,  and  negative  35  per  cent ; 
in  Group  3,  positive  34  per  cent,  and  negative  66  per  cent.  Specimens  of 
urine  of  patients  with  chronic  nephritis  (  Group  3)  were  examined 
from  day  to  day,  during  the  development  of  the  anemia.  Hemolysins 
did  not  increase  in  the  urine.    These  experiments  indicate  that  hemolytic 


9.  Leopold,  E.  J. :    Ueber  die  Hamolyse  bei  Nephritis,  Ztschr.  f.  klin.  Med. 
60:480,  1906. 

10.  McKee,  C.  S.:     On  the  Hemolytic  Action  of  the  Urine  in  Certain  Con- 
ditions, Brit.  M.  .1.2:596,  1915. 

11.  Ponder,  E. :     The  Presence  of  Hemolytic  Substances   in   Human  Urme, 
Brit.  J.  Exper.  Path.  2:34,  1921. 
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substances  are  present  in  the  urine  in  normal  and  in  pathologic  condi- 
tions, and  that  in  the  cases  of  chronic  nephritis  without  anemia  they  are 
present  in  greater  amounts  than  in  chronic  nephritis  with  anemia.  The 
findings  in  anemia  of  nephritis  and  in  normal  conditions  lead  to  the 
conclusion  that  these  substances  in  the  urine  do  not  have  a  bearing  on 
the  production  or  maintenance  of  the  anemia  of  chronic  nephritis. 

Hemolytic  substances  are  rarely  present  in  the  blood  serum  of 
chronic  nephritis.  Grafe  and  Graham/-  reported  a  case  of  chronic 
nephritis  in  which  the  blood  serum  intermittently  showed  hemolytic 
substances.  Many  attempts  have  been  made  to  demonstrate  the  pres- 
ence of  hemolytic  substances  in  the  blood  serum  in  hemolytic  anemia, 
but  without  success.  Noguchi  ^"  showed  that  normal  serum  has  anti- 
hemolytic  properties  toward  sodium  oleate.  Much  and  Holzmann/* 
studying  the  action  of  the  fresh  serum  of  human  beings  on  the 
hemolysin  of  cobra  venom,  proved  that  the  serum  of  patients  with 
certain  mental  diseases  had  a  marked  antihemolytic  action.  Clark  and 
Evans/''  using  sodium  oleate  as  a  hemolytic  agent  and  guinea-pig 
corpuscles,  have  demonstrated  a  definite  decrease  in  the  protective 
property  of  serums  of  patients  with  pernicious  anemia.  In  other  cases, 
both  normal  and  pathologic,  there  was  a  remarkable  constancy  in  the 
protective  power  of  the  serum.  In  order  to  ascertain  the  status  of 
serum  of  patients  with  nephritis  and  anemia  with  regard  to  hemolysis, 
the  following  technic  was  used  : 

Distilled  water  (from  Pyrex  glass  flasks)  was  the  hemolytic  agent. 
Racks  with  a  double  row  of  sixteen  small  Wassermann  tubes  were  set  up 
similar  to  the  technic  of  Giffin  and  Sanford.^^  In  the  first  tube  in  each 
row  at  the  left  was  put  0.92  c.c.  of  5  per  cent,  salt  solution,  in  the 
second  tube,  0.88  c.c,  and  so  on,  each  tube  containing  0.4  c.c.  less  of  the 
salt  solution  than  the  tube  to  the  left.  In  the  first  tube  was  placed  0.08 
c.c.  of  redistilled  water ;  in  the  second  tube  0.12  c.c,  and  so  on,  each  tube 
containing  0.04  c.c.  more  of  redistilled  water  than  the  tube  to  the  left. 
The  final  dilutions  were:  Tube  1,  0.46  per  cent,  of  salt.  Tube  2,  0.44 
per  cent. ;  Tube  3,  0.42  per  cent.,  and  Tube  16,  0.16  per  cent.  The  total 
volume  in  each  tube  was  1  c.c  ^^olumetric  pipets  were  used  in  all 
measurements.    The  salt  solution  was  made  up  with  extreme  care  every 


12.  Grafe,  E.,  and  Graham.  A.  L. :     Untersuchungen  iiber  Isolvse.  Miinchen. 
med.  Wchnschr.  58:2257.  1911. 

13.  Noguchi,  H. :    Ueber  gewisse  chemische  Komplementsubstanzen,  Biochem. 
Ztschr.  6:327.  1917. 

14.  Much,  H.,  and  Holzmann,  W. :     Eine   Reaktion   im  Blute  von   Geistes- 
kranken,  Miinchen.  med.  Wchnschr.  56:1001,  1909. 

15.  Clark,   H.   AI.,   and   Evans,   F.  A. :     One    Factor   in   the   Mechanism   of 
Hemolysis  in  Hemolytic  Anemia,  Bull.  Johns  Hopkins  Hosp.  31:354,  1920. 

16.  Giffin,  H.  Z..  and  Sanford,  A.  H. :     Clinical  Observations  Concerning  the 
Fragility  of  Erythrocytes,  J.   Lab.  &  Clin.  M.  4:465,   1919. 
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six  days  and  checked  against  the  discarded  soUition.  Pipets  did  not 
come  in  contact  with  the  stock  salt  solution ;  enough  for  the  day's  needs 
was  taken  out  of  the  bottle  each  day. 

Blood  was  obtained  by  venipuncture  ;  2  c.c.  was  placed  in  a  test  tube 
containing  2  mg.  potassium  oxalate  and  4  c.c.  in  a  centrifuge  tube  was 
allowed  to  clot  and  then  centrifuged  for  fifteen  minutes.  One-tenth  of 
a  cubic  centimeter  of  the  fresh  serum  thus  obtained  was  placed  in  each 
tube  of  the  second  row  and  the  tubes  were  shaken  gently ;  0.02  c.c.  of 
oxalated  blood  ^'  was  added  to  each  tube ;  the  tubes  were  again  shaken 
gently  and  allowed  to  stand  two  hours  at  room  temperature. 


Cases     6  6 

Fig.  1.— Comparative  hemoglobin  values  obtained  with  the  Haldane-Palmer 
method  and  the  Dare  hemoglobinometer. 

The  readings  of  beginning  and  complete  hemolysis  in  the  tubes  of 
the  first  row  indicate  the  fragility  range  of  the  red  blood  cells  to  hypo- 
tonic salt  solution.  In  the  tubes  showing  beginning  hemolysis,  the 
supernatant  fluid  shows  a  faint  trace  of  the  dissolved  hemoglobin. 
Complete  hemolysis  is  indicated  by  the  absence  of  red  blood  cells  in  the 
bottom  of  the  tube  and  the  clear  red  transparent  solution.  The  tubes 
showing  beginning  and  complete  hemolysis  are  compared  in  first  and 
second  rows.    The  difference  in  the  per  cent,  of  hypotonic  salt  solution 


17  If  the  erythrocyte  count  was  4,000.000  or  more,  the  amount  of  oxalated 
blood  used  was  0.02  cc;  if  from  2.000,000  to  4,000,000,  0.03  c.c.  and  if  under 
2,000,000,  0.04  c.c. 
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necessary  to  cause  beginning  and  complete  hemolysis  indicates  the 
degree  of  antihemolytic  property  of  the  serum  examined.  In  Table  2 
and  in  Figure  2  will  be  seen  the  average  protection  afforded  by  the  blood 
serum  in  five  types  of  cases:  normal,  pathologic  condition  other  than 
nephritis  without  anemia,  secondary  anemia,  anemia  of  chronic 
nephritis,  and  chronic  nephritis  without  anemia. 

A  comparison  of  the  five  groups  demonstrates  that  the  serum  exerts 
definite  protection  against  hemolysis  by  hypotonic  salt  solution  for  red 


—Mb 

fll   h 

on 

1  n 

ill  1 

■%\<\ 

lyn 

)to 

a.t 

1(^1 

Itt 

^=F 

p  1  h 

nn 

1   r 

■11  ; 

^, 

^i  ■> 

ito 

lif 

\    F 

3a 

It 

.01 

iti  ir 

L 

^ 

i 

^^ 

^ 

x^ 

VV'- 

\^ 

x^ 

1 

:^ 

-"? 

<N> 

^^ 

^ 

1 

^^ 

\^ 

' 

N 

' 

'^ 

^ 

^ 

j 

^ 

^ 

* 

^ 

w 

^^ 

^ 

^ 

f 

\\ 

^ 

' 

^ 

1 

^^ 

^^ 

'- 

^^ 

$^ 

^: 

^<^ 

^ 

^ 

>H 

.^ 

^ 

\ 

.^ 

L 

.^ 

^H 

.^ 

r 

r.  isa 

Ifi  r 

1   ifl.S 

q    ., 

1i  s 

?.?>  r, 

i..as. 

?A   •; 

i.iqa 

gypotonio 

salt  solution, 

par  cent 

0.45 

0.44 

0.43 

0.42 

0.41 

0.40 

0.39 

0.38 

0.37 

0.36 

0.35 

0.34 

0.33 

0.32 

0.31 

0.30 

0.29 

0.28 

0.27 

0.26 

0.25 

0.24 

0.23 

0.22 

0.21 

0.20 


Fig.  2. — The  average  protection  afforded  by  the  blood  serum  against  hemoly- 
sis by  hypotonic  salt  solution  in  five  types  of  cases. 

blood  cells.  This  property  of  serum  seems  to  be  fairly  constant,  except 
for  the  anemias  of  the  hemolytic  type  as  has  been  shown  by  Clark  and 
Evans.  In  the  anemia  of  chronic  nephritis  serum  does  not  show  definite 
decrease  in  antihemolytic  power.  In  two  cases  of  uremia,  a  few  days 
before  death,  the  serum  exhibited  marked  antihemolytic  properties 
which  increased  until  death.    In  cases  of  chronic  nephritis  in  which  the 
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blood  serum  was  tested  daily  change  was  not  noticed  during  the  develop- 
ment of  anemia. 

The  results  of  this  study  would  indicate  that  the  anemia  of  chronic 
nephritis  is  not  concerned  with  lack  of  protective  power  of  the  serum. 
Studies  of  the  nature  of  this  protective  property  of  serum  would  indi- 
cate that  the  action  depended  on  the  colloidal  property  of  the  serum. 
Conditions  which  upset  or  disturbed  the  colloidal  mechanism  also  pro- 
duced changes  in  this  protective  action;  heating,  freezing,  and  shaking 
of  the  serum  produced  diminution  of  this  action.  After  dialysis  of  the 
serum  the  dialysate  and  the  residue  both  showed  loss  of  this  property. 
The  dialysate  and  the  residue  were  evaporated  to  their  original  volume 
to  maintain  the  original  salt  concentration.  The  membrane  did  not 
show  protective  action.  These  findings  also  correspond  to  the  conclu- 
sions reached  by  Clark  and  Evans. 

It  has  been  shown  by  Eppinger  ^^  that  excessive  hemolysis  usually 
occurs  when  the  bile  contains  abnormally  large  amounts  of  urobilin  and 

TABLE  2. — Antihemolvtic   PROPERTi^  of  Serum 

Average  Protection 

Against  Hemolysis, 

Type  Cases  per  Cent  Less  Salt 

Kormal 7  0.083 

Without  nephritis  and  anemia 16  0.077 

Without  nephritis  but  with  anemia  * 9  0.058 

Chronic  nephritis  with  anemia 2-5  0.07 

Chronic  nephritis  without  anemia 24  0.08 

*  Three  cases  of  primary  anemia  are  included. 

urobilinogen.  Quantitative  examination  of  the  duodenal  contents,  as 
utilized  by  Schneider  ^^  in  the  hemolytic  anemias,  shows  large  amounts 
of  urobilin  and  urobilinogen.  Gififin,  Sanford,  and  Szlapka '"  have 
shown  that  average  values  for  urobilin  and  urobilinogen  in  hemolytic 
jaundice  are  2,050  and  1,100  units,  respectively.  In  cases  of  pernicious 
anemia  the  average  value  for  urobilin  was  1856.5  and  for  urobilinogen 
1604.5  units.  Table  3  gives  average  values  obtained  in  cases  of  anemia 
of  nephritis  600  units  of  urobilin  and  absence  of  urobilinogen  in  all 
cases  except  one.  These  findings  correspond  to  those  ordinarily  found 
in  secondary  anemia. 

18.  Eppinger,  H. :  Zur  Pathologic  der  Milzfunktion,  Berl.  klin.  Wchnschr. 
1:1509-1572-2409,  1913. 

19.  Schneider,  J.  P. :  The  Hematopoietic-Hemolytic  Index :  a  Proposed 
Determination  Helpful  in  the  Differential  Diagnosis  of  Types  of  Pernicious 
Anemia  Amenable  to  Cure  by  Splenectomy,  Jour. -Lancet  37:105,  1917; 
Further  Quantitative  Study  of  the  Duodenal  Blood  Derived  Pigments,  Arch. 
Int.  Med.  19:156  (Feb.)  1917. 

20.  Giffin,  H.  Z. ;  Sanford,  A.  H.,  and  Szlapka,  T.  L. :  The  Estimation  of 
Urobilin  and  Urobilinogen  in  the  Duodenal  Contents,  Am.  J.  M.  Sc.  155:562, 
1918. 
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Hemolysis  occurs  constantly  in  the  body,  but  there  is  no  exact 
method  of  determining  the  normal  rate  of  hemolysis.  However,  in  the 
hemolytic  anemias  in  which  hemolysis  is  excessive,  its  recognition  by 
clinical  and  laboratory  means  is  usually  possible.  Such  means,  as 
applied  in  this  study,  have  indicated  that  blood  is  not  excessively 
destroyed  in  the  anemia  of  chronic  nephritis. 

Defective  blood  formation  is  probably  the  important  factor  in  the 
cause  and  maintenance  of  the  anemia  of  chronic  nephritis.  This  pre- 
mise is  supported  by  lack  of  evidence  of  abnormal  blood  destruction  and 

TABLE  3. — Findings   in    Chronic   Nephritis    with   Anemia 


Leukocytes 

Duodenal 

Contents 

VTYthrnntrtDa 

Poly- 
morpho- 

Large 
-  Mono- 

Hemo- 

 * : 

Lymphc 

Eosino- 

Baso- 

Uro- 

globin 

Ke- 

Nu- 

nuclears, 

CTtes, 

nuclears 

phils, 

phils, 

bilin- 

Uro- 

per 

Mil- 

ticu- 

cle- 

Xum- 

per 

per 

per 

per 

per 

ogen, 

bilin, 

Cases  Cent. 

lions 

lated 

ated 

ber 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Units 

Units 

A3549S2    39 

2.31 

0 

7,400 

64.5 

24.5 

10.5 

3.5 

0.5 

0 

40O 

A359322    68 

3.74 

0.2 

0 

7,400 

60.0 

30.0 

4.0 

3.5 

2.5 

200 

600 

A334085    42 

2.69 

0.3 

0 

7,700 

71.0 

19.0 

8.5 

3.0 

0 

200 

A371812    62 

4.05 

1.3 

0 

12.000 

58.8 

33.5 

5.0 

1.5 

1.5 

0 

400 

A361797    53 

3.20 

0.2 

0 

4,530 

55.0 

38.7 

4.2 

1.0 

1.0 

0 

600 

A130794    44 

2.52 

0.1 

1  cell 

8,200 

63.5 

29.5 

4.0 

2.5 

0.5 

0 

1,000 

A123990    fiO 

3.43 

0 

6,800 

59.0 

33.0 

2.0 

4.5 

1.5 

0 

600 

A374848    56 

3.31 

1.7 

0 

5,200 

67.5 

26.0 

4.0 

2.0 

0.5 

0 

SCO 

A364350    54 

3.02 

0.3 

0 

8.400 

70.0 

23.5 

3.5 

2.5 

0.5 

A380765    67 

3.66 

1.5 

13,800 

87.0 

11.5 

1.5 

0 

1,000 

A384638    42 

2.30 

0.4 

0 

5,700 

80.5 

14.5 

2.5 

2.0 

6.5 

0 

600 

TABLE  4. — Blood  Counts  in  Chronic  Nephritis 


Hemo- 
globin, Erythro- 


Chronic  nephritis 
with  anemia  (105 
cases) 

Chronic  nephritis 
without  anemia 
(79  cases)t 


per 
Cent. 


cytes. 
Millions 


Leuko- 
cytes 


9,020 


8,160 


Poly-        Lym-      Large 

Color    morpho-      pho-      Mono-  Eosino-  Baso- 

Index,     nuclear      cytes,     nuclear    phils,  phils, 

per    Leukocytes,     per  Leukocytes,  per         per 

Cent,    per  Cent.     Cent,  per  Cent.   Cent.  Cent. 


0.S4- 


69.1' 


23.6 


26.5 


3.4 


*  Differential  counts  are   the  arerage  of  thirty-four  cases. 
t  In  three  eases  blood  counts  were  not  recorded. 

by  the  fact  that  the  blood  picture  of  anemia  of  chronic  nephritis  corre- 
sponds to  that  of  simple  chronic  anemia. 

The  erythrocytes  of  stained  smears  of  the  blood  in  cases  of  anemia 
of  nephritis  usually  are  moderately  reduced  in  size ;  marked  variation 
in  the  size  is  rarely  noted.  Poikilocytosis  is  rare,  and  achromia  is  usually 
mild.  The  incidence  of  reticulated  red  blood  cells  and  of  poly- 
chromatophilia  is  markedly  low.  Table  3  gives  the  average  blood 
findings  in  eleven  cases  of  the  105  in  which  the  anemia  of  nephritis 
was  severe.  The  low  percentage  of  nucleated  red  cells  and  reticulated 
cells  points  to  lack  of  action  or  sluggish  action  of  regeneration  by  the 
bone  marrow.    Table  4  gives  the  average  blood  findings  of  two  groups 
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of  cases,  105  of  chronic  nephritis  with  anemia  and  seventy-nine  without 
anemia.  The  average  hemoglobin  in  the  group  with  anemia  was  56  per 
cent.,  which  corresponds  closely  to  the  finding  of  DaCosta.  No  essential 
difference  was  noted  in  the  leukocyte  count  in  the  two  groups.  In 
patients  with  anemia  the  per  cent,  of  polymorphonuclear  leukocytes 
averaged  5.6  higher  and  the  lymphocytes  2.8  lower  than  in  patients 
without  anemia. 

The  platelet  count  in  eight  cases  of  chronic  nephritis  with  severe 
anemia  averaged  152,000,  a  condition  which  may  have  some  bearing 
on  the  hemorrhagic  tendency  in  some  of  the  more  severe  cases  of 
chronic  nephritis  with  anemia. 

As  will  be  shown,  the  rate  of  development  of  the  anemia,  its  lack  of 
response  to  therapeutic  measures,  transfusion,  arsenic,  and  iron,  bear 
out  this  conclusion  of  defective  hematopoiesis.  When  the  anemia  has 
been  maintained  for  a  considerable  period,  the  bone  marrow  seems  to 
establish  a  constant  low  threshold  of  activity  for  the  individual.  In 
this  group  of  anemias  of  nephritis,  cases  were  studied  in  which  the  bone 
marrow  functioned  fairly  satisfactorily  at  from  40  to  50  per  cent,  of 
its  normal  activity  level.  Benzene  produces  a  somewhat  similar  type 
of  anemia.  Minot  -^  described  a  case  observed  for  three  years,  in  which 
a  satisfactory  functioning  level  for  the  bone  marrow  was  maintained  at 
80  per  cent,  of  normal.  In  the  more  severe  types  of  nephritic  anemia, 
some  of  the  features  of  an  aplastic  type  are  more  in  evidence,  that  is, 
absolute  lack  of  response  to  treatment,  and  complete  absence  of  imma- 
ture and  regenerative  types  of  red  cells.  This  group  can  be  designated 
as  secondary  aplastic  anemias  of  chronic  nephritis. 

INADEQUATE     HEMATOPOIESIS 

■  It  is  obviously  impossible  in  this  paper  to  attempt  to  review  the 
causes  of  defective  formation  of  blood,  for  the  great  majority  of 
anemias  are  concerned  with  defective  blood  formation.  The  anemias  of 
malignant  disease,  chronic  sepsis,  and  other  chronic  pathologic  processes 
concern  the  hematopoietic  system  directly ;  little  is  known  regarding  the 
mechanism  involved.  The  bone  marrow  suffers  in  certain  metabolic 
diseases,  such  as  myxedema,  in  which  the  blood  picture  is  often 
extremely  confusing.  Poor  hygienic  condition  is  the  cause  of  mild 
anemia,  although  the  pallor  of  the  skin  in  this  type  may  not  indicate  an 
actual  decrease  of  blood  elements. 

In  any  chronic  disease  in  which  alteration  of  the  blood  picture  is  so 
common  as  in  chronic  nephritis,  the  question  of  defective  diet  deserves 
consideration.     Patients  with   this  disease  often  have  been   underfed 


21.  Minot.  G.  R.:  Clinical  Discussion  of  the  Anemias,  Oxford  Med.  2:589, 
1920. 
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qualitatively  and  quantitatively  for  long  periods.  The  chronic  loss  of 
albumin  through  the  urine  constitutes  a  loss  of  nitrogen  to  the  organism, 
and  its  possible  bearing  on  the  production  of  anemia  has  been  suggested. 
The  retention  of  water  in  the  blood  and  tissue  have  been  made  the 
explanation  for  the  anemia  of  chronic  nephritis.  Not  sufficient  evidence 
is  available  to  prove  that  hydremia  or  loss  of  albumin  can  cause  a 
definite  anemia. 

The  presence  of  a  toxin  or  toxic  agent  in  chronic  nephritis  has  been 
assumed  in  order  to  explain  the  multiple  tissue  injury.  As  to  whether 
this  toxin  is  a  known  substance,  and  as  the  result  of  the  renal  damage 
appears  in  the  blood  in  amounts  sufficiently  increased  to  cause  injury  to 
the  bone  marrow  has  never  been  proved.  The  possibility  that  this 
unknown  agent,  a  hypothetic  toxin,  damages  the  bone  marrow  con- 
comitantly with  other  vascular  tissue  must  be  considered. 

Defective  Diet. — The  majority  of  cases  of  chronic  nephritis  are 
recognized,  and  in  lieu  of  more  specific  treatment  a  dietary  regime  is 
instituted  involving  considerable  restrictions.  The  following  warrant 
consideration  relative  to  blood  changes:  (1)  the  effects  of  fasting, 
(2)  a  prolonged  low  caloric  diet,  and  (3)  a  prolonged  low  protein  diet. 
A  large  volume  of  clinical  and  experimental  evidence  is  available  to  help 
decide  this  question  of  the  results  of  defective  diet  on  the  blood. 
Heidenhain,--  Panum  ^^  and  Voit  -*  have  shown  that  loss  of  body  weight 
and  decrease  of  blood  in  fasting  animals  are  proportional,  normal  values 
thus  being  maintained  for  hemoglobin  and  erythrocytes.  Ash  ^^  has 
shown  that,  in  general,  the  blood  is  distinctly  resistant  to  the  effects  of 
inanition.  Complete  abstinence  from  food  for  long  periods,  at  least 
thirty-one  days,  does  not  cause  deleterious  effects  on  the  blood.  There 
is  slight  actual  loss  of  hemoglobin,  more  marked  during  the  second  ten 
days.  Fasting  does  not  cause  any  striking  loss  of  hemoglobin  and 
erythrocytes  from  the  blood. 

Blood  changes  in  low  diets  have  been  studied  by  von  Hosslin.^*' 
The  studies  of  Benedict-"  and  his  collaborators  revealed  slight  changfes 


22.  Heidenhain,  R.  P.  H. :  Disquisitiones  Criticae  et  Experimentales  de 
Sanguinis  Quantitate  in  Mammalium  Corpore  Exstantis.  Halis.  Gebauerio- 
Schwetschkianis,  1857.    Quoted  by  Grawitz. 
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in  blood  findings  after  underfeeding.  ]\Iinot  studied  the  blood  of  two 
groups  of  men,  A  and  B,  receiving  diets  containing  approximately  35 
and  50  per  cent,  of  normal  caloric  requirements.  (Squad  A  had  under- 
gone a  previous  10  per  cent,  loss  in  weight).  Hemoglobin  decreased 
slightly  in  both  groups,  four  points  in  the  former  and  slightly  less  in  the 
latter.  Minot  concluded  that  further  continuance  of  the  experiments 
would  not  have  produced  further  changes. 

Von  Hosslin  has  also  studied  the  eft'ects  of  low  protein  diet.  One 
dog  received  an  "albumin  poor"  diet  and  another  of  similar  weight  and 
age,  received  an  exclusive  albumin  diet.  The  former  showed  a  slight 
decrease  of  erythrocytes  and  hemoglobin  after  seven  months.  Chitten- 
den's -®  experiments  on  healthy  men  with  low  protein  diets  (averaging 
from  45  to  53  gm.  of  protein)  for  periods  averaging  five  months, 
showed  a  slight  increase  of  erythrocytes  and  no  change  in  hemoglobin 
or  leukocytes.  Von  Hosslin  concluded  that  in  qualitatively  deficient 
diets  diminished  iron  content  is  responsible  for  the  slight  changes  in  the 
hemoglobin.  Anemia  has  been  noted  in  infants  following  the  exclusive 
use  of  milk  diets  and  Hausermann  ^^  has  reported  an  analogous  case  in 
a  young  man,  aged  18,  who  had  always  lived  exclusively  on  milk. 
Erythrocyte  counts  were  normal,  but  the  hemoglobin  had  been  reduced 
to  60  per  cent.  (Gowers'  instrument). 

Vinson's  observations  on  anemia  in  hysterical  dysphagia  are  of  great 
interest.  In  these  cases  marked  decreases  in  hemoglobin  are  found  with 
no  change  in  the  number  of  erythrocytes.  The  recovery  of  hemoglobin 
to  normal  after  resumption  of  vegetable  and  fruit  diet  is  striking.  The 
low  color  index  and  rapid  recovery  on  a  diet  of  fresh  foods  suggest 
some  disturbance  in  the  metabolism  of  iron. 

As  an  effect  of  defective  diets,  hemoglobin  is  reduced  only  slightly, 
and  even  more  equivocal  changes  occur  in  the  erythrocytes.  It  must  be 
kept  in  mind,  however,  that  these  experiments  were  made  on  healthy 
animals  and  robust  men;  diet  may  have  a  different  action  in  the  pres- 
ence of  disease  or  the  eft'ects  of  diet  on  the  bone  marrow  may  be 
modified  or  accentuated  by  disease.  This  cannot  be  ascertained  since 
it  is  impossible  to  assign  to  each  the  exact  part  played  in  the  production 
of  anemia. 

Hooper  and  Whipple  ^^  have  shown  that  in  the  "simple  anemia" 
(secondary   to  hemorrhage)    of  dogs  the  blood  regeneration  is  more 
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rapid  when  carbohydrate  diets  are  given.  There  is  no  reason  to  assume 
that  such  is  the  case  in  chronic  nephritis.  The  deficiency  of  calories  in 
low  protein  diets  is  made  up  by  marked  increase  in  carbohydrates.  Our 
routine  diet  for  nephritic  patients  of  1,500  calories  and  40  gm.  protein 
contains  approximately  1,100  calories  of  carbohydrates.  On  the  basis 
of  Hooper  and  Whipple's  observations  in  the  blood  regeneration  after 
hemorrhage,  this  diet  should  favor  rather  than  retard  recovery  in  anemia 
of  nephritis.  The  recovery  response  in  the  anemia  of  nephritis  has  an 
apparently  different  basis,  as  will  be  shown  later. 

In  order  to  ascertain  the  effect  of  diet  in  the  production  and  main- 
tenance of  anemia  in  chronic  nephritis,  twenty  patients  were  selected 
at  random  from  those  referred  to  our  service  during  1921 ;  ten  with 
hypertension  of  more  severe  grades  without  renal  insufficiency,  and 
ten  with  chronic  glomerular  nephritis.  The  diet  of  the  twenty  patients 
averaged  1,500  calories  and  contained  40  gm.  protein.  As  far  as 
possible,  the  time  element  was  the  same  in  both  groups,  average  time 
in  the  hospital  was  more  than  thirty  days,  and  before  admission  both 
groups  had  been  almost  entirely  restricted  in  calories  and  protein  for 
from  six  months  to  one  year.  For  a  basis  of  comparison  as  far  as 
dietetic  restrictions  were  concerned,  the  conditions  were  fairly  com- 
parable in  the  two  groups.  In  the  cases  of  hypertension  without  renal 
insufficiency  blood  counts  below  4,000,000  and  hemoglobin  less  than  70 
per  cent,  were  found  in  three  cases,  explained  by  severe  epistaxis  and 
tonsillectomy  three  weeks  previously.  In  the  third  case  the  cause  of 
the  anemia  was  not  found.  In  the  cases  of  nephritis  anemia  was  found 
in  eight,  explanation  of  which  will  be  given  later.  It  would  seem  that 
there  is  insufficient  evidence  to  ascribe  the  anemia  of  chronic  nephritis 
to  any  definite  metabolic  effect  of  faulty  diet.  We  have  no  evidence, 
either  experimental  or  clinical,  to  show  that  after  anemia  is  established 
in  chronic  nephritis  deficient  diet  markedly  influences  the  rate  of  forma- 
tion of  blood.  This  assumption  is  more  logical  than  the  assumption 
that  diet  per  se  can  cause  definite  anemia. 

Estimations  of  the  basal  metabolic  rates  were  made  in  ten  patients 
with  chronic  nephritis  and  anemia.  The  rates  of  all  except  one  were 
within  the  limits  of  normal  -j-  15  and  —  15  per  cent.  The  basal 
metabolic  rate  of  one  patient  with  chronic  nephritis  and  marked  anemia 
was  -|-  18  per  cent. 

Loss  of  Albumin  Through  the  Urine. — Prolonged  loss  of  albumin 
through  the  urine  in  chronic  nephritis  has  been  noted  as  a  possible  agent 
in  the  cause  of  anemia  of  nephritis.  Dieballa  maintained  that  rarely  is 
sufficient  nitrogen  lost  in  this  manner  to  cause  a  negative  nitrogen 
balance.     If  present,  this  negative  balance  is  easily  corrected  by  an 
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increase  of  protein  diet.  Dieballa  and  von  Ketly  ^^  observed  a  protein 
loss  of  24  gm.  through  the  urine.  Epstein  ^-  reported  a  case  in  which 
the  loss  of  protein  through  the  urine  averaged  from  18.5  to  26.2  gm. 
He  says  that  excessive  amounts  of  albumin  in  the  urine  for  long  periods 
undoubtedly  have  a  marked  effect  on  the  body  proteins,  which  would 
be  more  pronounced  if  combined  with  a  low  protein  diet.  The  effects 
noted,  however,  have  been  decrease  of  serum  albumin  and  increase  of 
water  in  the  blood.  Epstein  believes  that  this  depletion  of  albumin  of 
the  blood  explains  edema  in  certain  types  of  nephropathies.  Evidence 
has  not  been  presented,  however,  that  excessive  loss  of  albumin  through 
the  urine  can  cause  anemia. 

In  order  to  determine  whether  or  not  the  blood  of  patients  with 
marked  albuminuria  shows  anemia,  twenty-four  cases  were  studied, 
including  cases  of  orthostatic  albuminuria,  chronic  nephrosis,  passive 
congestion  with  albuminuria,  and  focal  nephritis.  All  cases  in  which 
there  were  complicating  factors,  such  as  loss  of  blood  or  chronic  infec- 
tion, were  excluded.    In  Table  5  are  shown  the  hemoglobin  percentages, 

TABLE  5. — Relation  of  Loss  of  Albumin  in  the  Urine  to 
Hemoglobin  and   Erythrocytes 

Approximate  Daily 

Cases  Witli  Marked  Loss  of  Albumin  Hemoglobin,  Erythrocytes, 

Albuminuria  Number  in  Urine,  Gm.  per  Cent.  Millions 

Focal  nephritis 10  7.7  76.9  4  47 

Orthostatic  albuminuria 5  7.5  70.4  4.15 

Chronic  passive  congestion —  5  6.5  81.0  4  82 

Nephrosis 4  9.0  72.0  4.45 

erythrocyte  counts,  and  approximate  loss  of  albumin  through  the  urine. 
The  diets  in  these  groups  were  fairly  constant,  averaging  from  40  to  50 
gm.  protein.  The  nitrogen  balances  were  not  determined.  Previous  to 
hospitalization  the  food  intake  had  been  variable.  In  several,  the 
protein  had  been  extremely  low.  In  these  cases  a  decrease  in  hemoglobin 
or  erythrocytes  was  not  shown.  It  seems  reasonable  to  assume  that 
albumin  loss  per  se  has  no  bearing  on  anemia  in  chronic  nephritis. 

Hydremm  and  Plethora. — Grawitz  says  that  with  circulatory  stasis 
in  chronic  interstitial  nephritis,  the  water  content  of  blood  increases  or 
decreases.  If  blood  is  diluted,  low  values  for  hemoglobin  and  ery- 
throcytes are  found.  Hammerschlag,^^  on  the  contrary,  asserts  that 
rarely  is  hydremia  found  in  chronic  interstitial  nephritis  and  that  in 
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the  parenchymatous  types,  fluctuations  in  the  specific  gravity  of  the 
blood  were  extremely  variable,  changes  being  noted  during  increasing 
or  decreasing  edema.  Krehl  ^*  says  that  hydremia  is  present  in  neph- 
ritis. Von  Norden  ^^  is  not  convinced  that  such  is  the  case.  Labbe  and 
Salomon  ^"^  cite  a  case  of  severe  anemia  in  which  the  erythrocytes 
increased  from  500,000  to  2,542,000  coincidently  as  peripheral  edema 
disappeared.  They  conclude  that  hydremia  can  produce  severe  anemia 
and  may  be  the  cause  of  certain  cases  of  so-called  primary  anemia. 
Mosenthal  ^'  says  that  hydremia  actually  exists  in  every  case  of  renal 
edema  and  that  albumin  of  the  blood  diminishes  and  specific  gravity 
decreases. 

Obviously  unanimity  of  opinion  does  not  exist  regarding  the  exist- 
ence of  hydremia  in  chronic  nephritis,  and  the  role  of  so-called  dilution 
anemia. 

In  certain  types  of  nephritis  serum  albumin  is  relatively  decreased. 
Epstein  has  emphasized  this  point  in  nephrosis.  He  believes  the 
excessive  loss  of  albumin  through  the  urine  is  directly  responsible  for 
impoverishment  of  this  colloid.  Hammerschlag  partly  agrees  with 
Epstein.  Butterfield  ^^  and  his  associates  have  shown  that  the  dry 
residue  and  protein  contents  of  the  serum  of  chronic  nephritis  with 
edema  are  definitely  decreased,  averaging  2.27  per  cent,  less  than 
normal.  Widal,  Benard  and  Vaucher,^'-*  using  the  refractometric 
method,  find  in  nephritis  with  edema,  albumin  of  the  blood  to  be 
diminished  in  proportion  to  the  peripheral  edema.  In  azotemic  patients, 
hydremia  was  not  found  unless  retention  of  chlorids  was  demonstrable 
in  the  blood.  Thus,  it  seems  fairly  certain  that  there  has  been  shown 
a  relative  decrease  in  serum  albumin  in  chronic  nephritis  occurring 
more  commonly  in  the  group  with  edema.  If  blood  volume  were  con- 
stant, it  would  be  necessary  to  assume  that  this  is  replaced  by  water. 
There  is  no  basis,  however,  for  assuming  that  differences  of  2,  4,  or 
even  6  per  cent,  in  water  content  of  the  serum  can  produce  anemia,  if 
blood  volume  is  not  increased.  Slight  fluctuations  in  hemoglobin  and 
erythrocytes  would  reflect  this  slight  dilution.    To  assume  the  produc- 
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tion  of  a  definite  anemia,  plethora  must  be  present.  Data  regarding 
blood  volume  in  edema  are  rather  meager;  however,  there  are  sufficient 
to  indicate  that  probably  blood  volume  is  not  greater  in  chronic  nephritis 
with  edema.  Keith,  Rowntree  and  Geraghty,*''  using  their  dye  method, 
found  that  following  a  loss  in  weight  of  11  kg.  (edema  fluid)  in  a  case 
of  chronic  nephritis  with  marked  edema,  plasma  volume  did  not  change. 
After  a  loss  in  weight  of  14  kg.  (edema  fluid)  in  a  patient  with  cardiac 
disease,  the  total  plasma  volume  was  relatively  higher.  Bock,'*^  using 
the  same  method,  found,  in  three  cases  of  edema,  that  the  relation  of 
plasma  volume  to  body  weight  was  undisturbed ;  plasma  volume  was 
unchanged  after  loss  in  weight  of  13.5  kg.  (edema  fluid).  In  our  studies 
of  hydremia  and  its  relation  to  the  anemia  of  chronic  nephritis,  it  was 
concluded  that  the  blood  volume  shows  no  constant  increase,  that  is, 
plethora  is  not  present.'*-  On  this  basis  we  are  justified  in  assuming 
that  the  possible  increase  in  w^ater  content  of  the  blood  is  not  sufficient 
to  produce  a  so-called  relative  anemia.  (We  prefer  to  delay  final 
judgment  until  these  studies  are  completed.)     For  the  present  we  are 

TABLE  6. — Edema  in  One  Hundred  Cases  of  Anemia  of  Nephritis 

Edema 

Trace 

Moderate 

Marked 

convinced  that  hydremia  is  incapable  of  producing  anemia  of  chronic 
nephritis  to  the  degree  observed  in  this  study. 

The  incidence  of  anemia  and  edema  is  shown  in  Table  6.  Marked 
edema  was  present  in  3  per  cent,  of  the  cases  of  anemia. 

Hemogenetic  Toxin. — In  studying  the  presence  of  a  hemogenetic 
toxin  as  a  factor  in  the  production  of  anemia  of  nephritis  the  following 
points  are  considered :  Is  this  toxin  one  of  the  normal  metabolic 
products  retained  in  the  blood  in  excessive  amounts,  or  is  it  an  unknown 
toxic  agent  directly  responsible  for  the  renal  injury? 

Each  of  the  nitrogenous  constituents  of  the  blood  classed  as  non- 
protein has  been  tested  for  toxicity  experimentally  and  clinically.  Urea 
is  mildly  toxic,  as  has  been  shown  by  Hewlett  "  and  his  associates, 
producing  symptoms  of  toxemia  only  if  the  concentration  rises  to  160 


Present,  per  Cent. 

Absent,  per  Cent 

09 

78 

11 

89 

3 

97 
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or  245  mg.  for  each  100  c.c.  of  blood.  Rowntree's  **  similar  experiments 
have  shown  that  toxic  symptoms  can  be  produced  when  the  urea 
nitrogen  of  the  blood  exceeds  30  mg.  As  Wells  *^  has  noted,  however, 
the  efTect  produced  by  high  concentration  of  urea  in  the  blood  for 
comparatively  short  periods  is  entirely  different  from  that  caused  by 
high  concentration  for  days  and  weeks.  Evidence  is  not  available  from 
many  studies  of  the  toxicity  of  urea  that  indicates  that  this  substance  in 
the  blood  in  excessive  amounts  can  cause  anemia.  The  other  nonprotein 
nitrogenous  constituents  have  been  investigated  as  to  toxicity  in  relation 
to  uremia  and  to  hematopoiesis. 

Clinical  observations  have  thrown  considerable  light  on  the  relation- 
ship between  increased  concentration  of  certain  fractions  of  the 
nonprotein  nitrogen  in  the  blood  and  anemia.  This  relationship  was 
analyzed  in  a  series  of  cases  of  anemia  of  nephritis  and  found  to  be 
fairly  close  (Table  7).  Anemia  was  present  in  90  per  cent,  of  the  cases 
of  chronic  glomerular  nephritis,  in  which  blood  urea  exceeded  50  mg. 
for  each  100  c.c.  and  in  which  blood  creatinin  exceeded  2  mg.  for  each 
100  c.c. 

TABLE  7. — Relation  of  Blood  Urea,  Blood  Creatinin,  and  Neuroretinitis 
TO  Anemia  of  Chronic  Nephritis 


Number 

105       Blood  urea  more  than  50  mg.  (retention") 

59       Blood  creatinin  more  than  2  mg.   (retention) 

41       Neuroretinitis    (retention)    

79       Blood   urea    normal    (nonretention) 


It  would  seem  that  some  close  parallel  exists  between  the  retention 
of  urea  and  creatinin  and  the  anemia  of  nephritis.  However,  if  injury 
to  the  bone  marrow  is  caused  in  this  manner,  increased  concentration  of 
urea  or  creatinin  w^ould  be  present  in  every  case  of  anemia  of  nephritis 
and  the  development  of  anemia  would  always  be  preceded  by  augmented 
values  for  these  substances  in  the  blood.  Data  presented  in  Table  8 
indicate  that  these  conditions  are  not  fulfilled.  In  this  case,  renal 
insufficiency  manifested  itself  by  marked  retinal  injury,  diminution  of 
renal  function,  and  elevated  blood  pressure ;  urea  or  creatinin,  did  not 
increase  and  the  anemia  developed  after  a  lapse  of  time,  as  has  been 
noted  in  all  cases  observed.  The  renal  damage  did  not  produce 
augmented  amounts  of  nitrogen  in  the  blood,  but  casts,  erythrocytes 
and  increased  amount  of  albumin  appeared  in  the  urine.     The  bone 


Anemia  Present 

Anemia  Absent 

Cases    Per  Cent. 
94              90 
5(>              94 
37              90 
8              10 

Cases    Per  Cent 
11              10 

3  6 

4  10 
71              90 

44.  Rowntree,  L.  G. :    Uremia.  Etiology,  Types  and  Diagnosis,  J.  Iowa  State 
M.  Soc.  7:1,  1917. 

45.  Wells,  H.  G. :    Chemical   Pathology,  Philadelphia,  W.  B.  Saimders  Co., 
1918 
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marrow  was  injured,  however,  as  shown  by  the  definite  decrease  in 
hemoglobin  and  erythrocytes.  There  was  also  an  increase  of  peripheral 
edema.  The  same  sequence  of  events  was  observed  in  a  similar  case. 
Apparently,  then,  elevated  urea  and  creatinin  values  are  not  essential 
to  the  cause  of  anemia  of  nephritis.  Other  nitrogenous  constituents  of 
the  blood  have  been  partially  investigated.  Retention  of  uric  acid 
showed  no  constancy  in  its  relation  to  anemia.  The  estimations  of  the 
ammonia  nitrogen  fraction  have  been  unsatisfactory.  Foster  ^^  reported 
an  increase  in  the  ammonia  nitrogen  up  to  2.2  mg.  for  each  100  c.c. 
in  the  blood  of  half  of  his  uremic  patients.  Our  work  has  shown  no 
such  increase  in  patients  with  chronic  nephritis  and  anemia.  Estimation 
of  amino-nitrogen  of  the  blood  in  several  cases  of  anemia  of  chronic 
nephritis  showed  no  constant  increase;  the  unidentified  portion  or  rest 
nitrogen  was  not  increased.  Bock  reports  increased  amino-nitrogen  in 
the  blood  in  cases  of  nephritis  and  in  other  conditions,  hyperthyroidism 
and  cirrhosis  of  the  liver. 

Further  work  is  necessary  before  any  conclusion  can  be  reached 
with  regard  to  the  hemotoxic  role  of  the  ammonia  fraction.  Wells  was 
of  the  opinion  that  the  anemia  of  nephritis  may  be  due  to  the  hemolytic 
action  of  retained  products  of  metabolism,  in  which  the  ammonium 
compounds  are  important.  This  study  would  seem  to  show,  however, 
that  if  the  ammonium  compounds  are  concerned  in  the  production  of 
this  anemia,  the  mechanism  of  hemolysis  is  not  acting. 

Investigations  of  the  inorganic  bases  in  the  blood  of  patients  with 
chronic  nephritis  did  not  reveal  parallel  changes  in  the  sodium,  potas- 
sium, magnesium  and  calcium  contents.*'  Phosphorus  was  increased  in 
cases  of  uremia  with  acidosis,  as  has  been  shown  by  Marriott  and  How- 
land,*®  and  Denis  and  Minot.*^ 

Relationship  was  not  observed  between  anemia  and  either  chlorids 
or  carbon  dioxid  combining  power  of  the  plasma. 

Unknown  Toxic  Agent. — A  study  of  the  development  of  anemia  in 
chronic  nephritis  suggests  an  unknown  agent  as  the  cause  of  the  anemia. 
The  clinical  course  of  the  disease  is  extremely  variable  and  confusing. 
As  cases  are  more  closely  observed  and  more  intensely  studied,  certain 
features  of  the  disease  stand  out.  In  many  cases  of  chronic  glomerular 
nephritis,  two  phases  of  the  disease  are  noted:    (1)  latent  or  compen- 


46.  Foster.  N.-B.:    Uremia.    III.     The  Nonprotein  Nitrogen  of  Blood,  Arch. 
Int.  Med.  15:356  (April)  1915. 

47.  Unpublished  work  of  McVicker,  Ross  and  Barrio. 

48.  Marriott.  W.  McK.,  and  Rowland,  J.:     Phosphate  Retention  as  a  Factor 
in  the  Production  of  Acidosis  in  Nephritis,  Arch.  Int.  Med.  18:708,  1916. 

49.  Denis,  W.,  and  Minot,  A.  S. :    A  Study  of  Phosphate  Retention  from  the 
Standpoint  of  Blood  Analysis,  Arch.  Int.  Med.  26:99  (July)  1921. 


834  ARCHIVES    OF    INTERNAL    MEDICINE 

sated  periods,  and  (2)  active  or  decompensated  periods.  During  a 
compensated  period,  renal  function  is  deficient  in  some  respects,  but 
adequate  for  the  individual  to  "carry  on."  Moderate  disturbance  of 
various  kidney  functions  occur.  Concentration  and  excretion  of  water 
may  show  impairment.  The  presence  of  albumin  and  casts  in  the  urine 
reveal  structural  damage.  Renal  function  is  usually  decreased  and 
blood  pressure  increased.  The  retina  and  heart  may  show  definite 
injury.  Patients  in  this  stage  of  the  disease  may  or  may  not  have 
anemia.  Anemia  was  not  present  in  eight  cases  studied  during  the 
period  of  renal  break.  Following  the  effect  or  toxic  action  of  some 
unknown  substance,  which,  in  many  cases  is  undoubtedly  infectious  in 
origin,  the  decompensation  period  supervenes.  Further  impairment  of 
renal  function  is  shown  by  appearance  of  casts,  erythrocytes  and 
increased  amounts  of  albumin  in  the  urine,  decreased  phenolsulphoneph- 
thalein  excretion,  and  augmented  amounts  of  nitrogen  in  the  blood. 

Retinal,  cardiac,  and  vascular  injuries  are  usually  revealed  by  the 
chnical  investigation.  If,  in  this  phase  of  the  disease,  the  blood  counts 
and  hemoglobin  estimations  are  repeated  frequently,  it  will  be  found 
that  after  a  certain  period  definite  decreases  are  noted.  In  the  cases 
studied,  the  length  of  this  period  was  variable  but  averaged  from  four 
to  six  weeks.  The  degree  of  this  decrease  in  hemoglobin  and  erythro- 
cytes seems  to  depend  largely  on  the  severity  of  the  toxic  action.  In 
several  cases  the  anemia  and  renal  insufficiency  were  not  progressive 
or  severe.  The  values  for  nitrogen  of  the  blood  dropped  rather  quickly 
and  increased  values  for  phenolsulphonephthalein  excretion  were 
observed  within  a  short  time.  In  the  cases  in  which  injury  was  more 
severe  and  renal  insufficiency  progressive,  the  hemoglobin  and  erythro- 
cjtes  were  similarly  affected  (Fig.  3). 

The  latency  in  the  development  of  the  anemia  can  be  explained  on 
the  basis  of  its  bone  marrow  origin.  The  circulating  erythrocytes  are 
not  destroyed.  Excessive  hemolysis  is  not  present.  The  normal 
replacement  of  er}1:hrocytes  is  slower  after  injury  to  the  bone  marrow. 
As  the  circulating  cells  die  and  replacement  is  slow,  a  lapse  of  time  is 
natural  before  anemia  is  evident. 

As  the  life  of  erythrocytes  has  been  given  by  different  workers  to 
be  from  ten  to  thirty  days,  the  time  of  appearance  of  the  anemia  would 
necessarily  fall  within  this  period.  Ashby's  ^°  work  would  seem  to 
indicate  that  the  transfused  cells  live  for  longer  periods.  Probably  the 
time  necessary  for  the  appearance  of  the  anemia  would  depend  to  a 
large  degree  on  the  severity  of  injury  to  the  bone  marrow. 


50.  Ashby,  W. :  Study  of  Transfused  Blood.     I.  The  Periodicity  in  Elimina- 
tive  Activity  Shown  by  the  Organism,  J.  Exper.  M.  34:127,  1921. 
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Fig.  3  (Case  A 359322). —Blood  findings  during  development  of  renal  insuf- 
ficiency. The  renal  injury  was  severe  and  progressive.  The  anemia  followed 
a  similar  course. 
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The  recovery  of  the  hemopoietic  function  is  not  parallel  to  recovery 
of  renal  function.  In  the  case  charted  in  Figure  4  it  will  be  noted  that 
values  for  urea  and  creatinin,  high  during  the  period  of  renal  insuf- 
ficiency, had  returned  to  normal  before  the  anemia  was  evident.  Two 
months  later,  blood  values  had  not  yet  returned  to  their  previous  level. 
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Fig.  4  (Case  A 297046). — Blood  findings  during  and  following  a  period  of 
renal  insufficiency.  Urea  and  creatinin  returned  to  normal  before  anemia  was 
evident. 

In  Figure  5  it  will  be  seen  that  anemia  developed  following  the  renal 
break.  A  year  later,  hemoglobin  and  erythrocytes  had  not  returned 
to  normal.  At  this  time  the  patient  presented  the  picture  of  chronic 
nephritis  of  the  compensated  or  latent  period.     It  would  be  expected 
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that  the  next  period  of  renal  insufficiency  would  lower  the  hemoglobin 
and  erythrocytes  still  farther.  If  the  patient  survived  several  renal 
breaks  anemia  would  become  more  severe,  reaching  a  degree  often  seen 
in  severe  chronic  nephritis.  In  two  cases  recently  studied,  the  bone 
marrow  exhibited  marked  irritation,  as  shown  by  sharp  increase  in 
reticulated  cells,  accompanied  by  sharp  recovery  of  the  hemoglobin  and 
erythrocyte  values.  These  recoveries  took  place  without  parallel 
improvement  of  renal  function.  In  one  case,  7  per  cent,  reticulated 
red  cells  were  found  during  this  period  of  improvement.    We  have  no 
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Fig.   S    (Case  A 166657).— Blood   findings    during  and  after  a  renal  break. 
Hemoglobin  and  erythrocyte  values  had  not  returned  to  normal  one  year  later. 

explanation  of  the  cause  of  these  sharp  remissions  in  the  anemia  of 
chronic  nephritis.  They  are  exceptional.  The  recovery  on  the  part  of 
the  bone  marrow  in  the  usual  case  is  extremely  gradual,  or  lacking. 
A  clear  cut  case  has  not  been  observ^ed  which  would  show  that  the 
bone  marrow  has  escaped  injury  following  a  phase  of  renal  insufficiency. 
Several  cases  were  observed  during  hospitalization  for  a  period  of 
three  to  four  weeks  following  the  onset  of  renal  break.  Subsequent 
inquiry  regarding  the  progress  of  the  case  brought  out  the  fact  that 
the  patient  became  pale  and  anemic  as  would  be  expected,  according 
to  clinical  and  laboratory  findings. 


838 


ARCHIVES    OF    INTERNAL    MEDICINE 


The  close  relationship  between  elevated  values  for  blood  creatinin 
and  anemia  has  a  practical  significance.  In  Table  9  are  tabulated  twenty 
cases  of  chronic  nephritis  in  which  creatinin  values  of  5  mg.  and  over, 
for  each  100  c.c.  were  present.     In  all  cases,  anemia  was  present.    The 

TABLE    8. — Case   A 183454,    Chronic    Glomerular    Nephritis  ;    Evidence   of 
Renal  Retinal,  and  Bone-Marrow  Injury 


Blood 
Urea, 
per 
Date  Cent. 
3/14/19   18 

1/  8/20   42 
7/14/20   58 

8/24/20   14 
10/28/20   30 

11/26/20  25 

12 '29 '20  42 

2/23/21  29 

4/29/21  55 

12/  5/21  37 

12/14/21  33 

12/21/21  30 

12/23/21  30 

1/  2/22  30 

1/20/22  40 


Blood  Phenol- 

Creat-  sulphone- 
inin,    phthal- 
per     ein,  per    Blood 
Cent.     Cent.    Pressure 
45         180/125 


Fundi 
Negative 


Hemo- 
globin, 
per 

Edema       Cent. 

Trace  81 


1.6 

i'.39 

1.4 

i.33 
1.58 
1.8 

2.1 
1.9 
1.0 
1.8 
1.6 


45 


170/110 


160/105 
164/118 


Negative  85 

Negative      Moderate       75 


Erythro- 
cytes, 
Millions        Remarks 
General     condi- 
tion good 


One  small 
hemorrhage 


15    220/150 


15 

20 
20 


180/130 
234/140 


Exudate  and 
hemorrhage 


Trace 


Moder- 
ate 
Moderate 


Macular  star 
Macular  star 

Right  pro- 
gressive change 


Trace 
Trace 


5.04 
5.24 


5.00 
4.56 


4.12 


3.60 


Period  of  renal 
compensation 


Mild  nasopharn- 
geal  infection 
followed  by 
"renal  break" 


TABLE   9. — Creatinin   Retention   in   Twenty   Cases   of   Chronic 
Glomerular  Nephritis 


Remarks 
Death  four  months  later 
Death  ten  days  later 
Death  eight  months  later 
Death  three  months  later 
Death  six  days  later 
Death  one  month  later 
Death  ten  days  later 
Still  living 

Death  one  month  later 
Death  one  month  later 
Death  six  months  later 
Still  living 

Death  four  months  later 
Death  six  months  later 
Death  five  months  later 
Death 

Death  four  months  later 
Death  ten  months  later 
Death  four  months  later 
Death  fourteen   days  later 


Creatinin. 

Mg.  for 

Hemoglobin, 

Ervthrocytes, 

Each  100  C.c. 

per 

Cent. 

Millions 

Case 

Low 

High 

High 

Low 

High 

Low 

A374848 

4.4 

7.2 

59 

55 

3.31 

3.00 

A367422 

8.35 

10.4 

40 

2.64 

A354932 

5.1 

7.5 

35 

1.65 

A359322 

3.3 

7.0 

70 

67 

4.06 

3.63 

A359944 

17.1 

18.1 

37 

36 

1.90 

1.83 

A380765 

3.3 

9.8 

67 

67 

3.68 

3.66 

A379161 

15.0 

16.0 

56 

3.38 

A312332 

6.0 

57 

3.18 

A311764 

9.0 

9.0 

38 

38 

2.60 

2.14 

A339309 

5.0 

55 

3.08 

A343930 

4.2 

12.5 

50 

48 

3.64 

3.27 

A334085 

6.8 

11.4 

42 

37 

2.81 

2.34 

A363227 

10.0 

45 

2.46 

A153126 

8.5 

25 

2.01 

A342192 

4.9 

6.0 

54 

3.32 

A323556 

7.5 

9.3 

29 

28 

i.94 

1.66 

A316817 

6.0 

46 

2.73 

A204193 

2.5 

5.0 

6.5 

54 

4.60 

3.25 

A342192 

4.9 

7.2 

74 

54 

4.80 

3.32 

A353465 

19.0 

22.6 

29 

27 

1.84 

1.50 

Average  creatinin,  8.8  mg.  for  each  lOO  c.c;   average  hemoglobin, 
erythrocytes,  2,950,000. 


!.5  per  cent.;    average 


average  hemoglobin  values  and  red  cell  counts  are  given.  As  will  be 
noted,  reports  were  obtained  in  nineteen  cases  in  which  death  followed 
within  a  period  of  eighteen  months.  Anemia  in  chronic  nephritis  of 
the  group,  such  as  we  have  defined,  has  then,  a  definite  prognostic 
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value,  approximately  that  of  creatinin  retention,  ^vhen  values  for 
hemoglobin  and  erythrocytes  approximate  the  averages  given  in  Table 
8.  A  larger  group  of  cases  are  in  course  of  investigation  with  the 
object  of  establishing  prognostic  values  for  anemia  of  chronic  nephritis. 

SUMMARY 

The  anemia  of  uncomplicated  chronic  nephritis  was  studied  from 
several  standpoints.  Cases  were  not  included  in  which  blood  loss  had 
occurred.  Hemolysis  could  not  be  demonstrated  as  a  cause  of  this  type 
of  anemia.  The  conclusion  is  reached  that  this  anemia  is  due  to 
decreased  function  of  the  bone  marrow.  Qualitatively  or  quantitatively 
defective  diets  and  loss  of  albumin  through  the  urine  are  not  important 
etiologic  factors.  The  role  of  hydremia  is  not  clear.  Evidence  is 
presented  that  hydremia  is  not  a  factor  in  the  production  of  anemia  in 
this  series  of  cases.  The  relationship  of  various  constituents  of  the 
blood  to  the  anemia  of  chronic  nephritis  was  studied ;  constancy  of 
relation  was  not  found.  A  close  parallelism  was  found  between  anemia 
and  augmented  urea  and  creatinin  values,  although  etiologic  relationship 
could  not  be  established.  Neuroretinitis  and  anemia  of  chronic  neph- 
ritis also  were  found  to  be  closely  related.  In  a  group  of  cases  studied 
during  the  development  of  renal  insufficiency,  anemia  developed  four  to 
six  weeks  after  the  onset  of  the  renal  injury.  The  tardiness  of  the 
anemia  is  explained  on  the  basis  of  decreased  formation  of  erythrocytes. 
The  recovery  of  bone  marrow  function  was  studied  and  it  was  found 
that  as  a  rule,  recovery  is  slow,  depending  to  a  large  extent  on  the 
severity  of  the  injury.  After  repeated  injuries  to  the  bone  marrow, 
anemia  becomes  more  severe  and  takes  on  certain  characteristics  of  a 
hypoplastic  or  aplastic  type  of  anemia.  The  injury  to  the  bone  marrow 
concerns  only  its  erythrogenetic  function.  Leukocytogenesis  is  not 
involved. 

This  conception  of  the  causation  of  nephritic  anemia  throws  addi- 
tional light  on  this  disease.  Chronic  nephritis  should  be  viewed  from 
the  standpoint  of  a  constitutional  disease.  Renal  injury  is  only  one 
phase  of  this  widespread  toxic  damage.  The  retinal,  cardiac  and 
vascular  tissues,  and  hematopoietic  system  are  also  definitely  injured. 
All  of  these  tissues  may  be  involved  in  the  toxic  process,  or  one  or 
more  may  escape.^^  This  study  of  anemia  of  nephritis  would  seem  to 
indicate  that  the  bone  marrow  participates  almost  invariably  in  this 
toxic  process.  Exceptions  to  this  phenomenon  have  not  been  found. 
Possibly  further  study  may  modify  this  conception.    The  close  parallel- 


51.  Atchley,  D.  W. :  A  Study  of  Eight  Cases  of  Acute  Nephritis,  Arch.  Int. 
Med.  22:370  (Sept.)  1918.  Atchley  has  suggested  a  similar  explanation  of 
acute  glomerular  nephritis. 
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ism  between  urea  and  creatinin  retentions  and  the  anemia  of  chronic 
nephritis  can  be  explained  from  the  fact  that  the  majority  of  patients 
seen  in  the  hospital  are  in  the  stage  of  renal  insufficiency.  If  these 
patients  were  examined  later,  nitrogen  values  within  normal  limits 
would  be  found,  but  the  anemia  would  still  be  present  (Fig.  5).  In 
other  words,  it  would  depend  on  whether  this  comparison  of  nitrogen 
retention  and  anemia  was  made  in  the  compensated  or  decompensated 
stage  of  the  disease. 

This  study  has  not  thrown  additional  light  on  the  cause  of  the 
production  of  this  widespread  constitutional  injury.  In  several  cases, 
however,  the  period  of  renal  insufficiency,  the  active  phase,  directly 
followed  infections  of  the  nasopharynx. 

The  prognostic  value  of  anemia  in  chronic  nephritis  seems  to  be 
definitely  shown. 

CONCLUSIONS 

1.  Evidence  is  presented  to  show  that  the  anemia  of  uncomplicated 
chronic  nephritis  develops  in  the  absence  of  blood  loss,  and  this  anemia 
is  not  due  to  excessive  hemolysis. 

2.  Proof  is  not  at  hand  to  indicate  that  this  type  of  anemia  is  due 
to  increased  concentration  in  the  blood  of  any  known  nitrogenous 
substance. 

3.  Evidence  is  presented  which  indicates  that  the  bone  marrow 
suffers  damage  concomitantly  with  renal,  retinal  and  cardiac  tissues. 

4.  Chronic  nephritis  is  a  constitutional  disease;  accumulating 
evidence  points  to  primary  vascular  injury  of  widespread  distribution, 
renal,  cardiac,  and  retinal  tissues  and  the  bone  marrow  tissues  reveal 
secondary  effects  of  vascular  disease. 

5.  The  unknown  agent  causing  renal  insufficiency  is  probably  the 
etiologic  factor  in  the  disturbance  of  hematopoiesis,  in  other  words, 
a  common  cause  is  present. 

6.  The  anemia  of  chronic  nephritis,  if  present  to  the  degree  indi- 
cated, has  a  prognostic  value  similar  to  that  of  creatinin  retention. 
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